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August  30,  1071 

To:  Chief  of  Naval  Research,  Arlington,  Virginia  22217 

Attention:  Engineering  Psychology  Branch, /Code  455 

Dr.  M.  A.  Tolcott 

From:  Dr.  Barbara  Gil lam  Lawergren 

for  the  late  Professor  Clarence  H.  Graham 
Columbia  University,  New  York,  New  York  10027 

Subject:  Final  Report  of  Research  and  Training  under  Contract 

NC0014-f)7-A-0108-COOB  between  Columbia  University  and 
the  Office  of  Naval  Research 


1.  Contract  N0001G-S7-A-010C-000?  between  Columbia  University  and 
the  Office  of  Naval  Research  which  was  initiated  In  August  31, 
1708,  has  been  terminated.  The  project  was  carried  out  in  com¬ 
bination  with  work  on  Grant  No.  5  R01-EY-00301  of  the  National 
Eye  Institute,  Funding-  provided  by  each  organization. 

It  is  with  the  deepest  regret  that  wc  have  to  report  the  death 
of  Professor  Clarence  II.  Graham,  the  Project  Director,  on 
July  35,  1871. 

2.  The  mission  of  the  contract  was  "that  research  on  the  factors 
influencing  visual  perception,  colour  vision  and  movement  per¬ 
ception  be  performed."  This  mission  also  necessarily  involves 
the  trainin-'  of  student  researchers. 

During  the  three  years  of  the  contract  nine  project  reports  wore 
submitted  to  the  Chief  of  Naval  Research  which  detail  specific 
aspects  of  the  research  done  under  the  task  order.  A  biblio¬ 
graphy  of  technical  reports  is  appended  which  comprise  an  over¬ 
all  account  of  the  project's  research  findings. 

- •  There  is  appended  also  a  list  of  individuals  associated  with  the 
research  program.  of  those  Galen  Elliott,  Ann  Colby,  and 
Clarence  H.  Graham  wore  working  the  area  of  colour  vision.  Un¬ 
fortunately  the  sudden  and  untimely  death  of  Galen  Elliott  in 
combination  with  Dr.  Graham’s  illness  prevented  completion  of 
this  program,  and,  therefore,  there  are  no  recent  publications 
in  this  area..  One  earlier  publication  is  listed. 

David  Henderson,  Stephen  Pollard,  Barbara  Matos  ant’  Clarence  II. 
Graham  worked  on  movement  perception.  Four  publications  are 
listed . 

Clarence  H.  Graham,  Barbara  Gillam  Laworgren ,  Patricia  Daniels, 
and  Jane  Braden  were  concerned  with  factors  influencing  visual 
perception.  The  concentration  has  been  on  investigations  of 
stereoscopic  depth  percent j  on ,  the  Ames  window,  perceptual 
grouping,  and  the  illusions.  The  research  on  stereoscopic 
vision,  described  in  progress  renorts ,  is  not  yet  published. 

Four  publications  are  listed  on  the  other  three  topics. 
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h  more  detailed  account  of  efforts  during  the  past  year  follows. 

4 .  Visual  Perception 

1.  Ames  window.  A  dissertation,  "The  effect  of  vary inp,  linear 
perspective  and  monocular  movement  parallax  on  perceived 
oscillation  of  the  Ames  window,"  by  Jane  Braden,  based  on 
research  carried  out  under  the  project,  was  successfully 
defended.  A  summary  of  the  findings  follows.  Copies  of  tho 
complete  dissertation  will  be  forwarded  on  request. 

A  series  of  experiments  were  executed  in  order  to  investigate 
the  roles  of  the  cues  of  linear  perspective  and  monocular 
movement  parallax  in  producing  the  Ames  trapezoidal  window 
illusion.  Linear  perspective  was  varied  by  varying  the 
length  of  a  vertical  side  of  ten  rotating  stimulus  figures. 
Movement  parallax  was  varied  by  varying  the  distance  of  a 
light  source  from  the  screen  onto  which  the  figures  were  pro¬ 
jected.  Four  projection  values  were  used:  parallel  pro¬ 
jection  and  throe  values  of  polar  projection. 

The  results  support  Graham's  (1935)  theory  of  the  Ames  window 
that,  when  movement  parallax  cues  are  ambiguous,  the  cue  of 
linear  perspective  is  used  to  resolve  ambiguity  as  to  di¬ 
rection  of  rotation.  They  also  show  that: 

(a)  when  the  cue  of  movement  parallax  is  above  thresh¬ 
old,  tho  relationship  between  this  cue  and  the  cue 
of  linear  perspective  is  nonlinear; 

(b)  the  variability  of  subjects'  responses  increases  as 
the  ambiguity  of  the  proximal  stimulus  increases; 

(c)  mean  number  of  reversals  decreased  as  speed  of  ro¬ 
tation  is  increased,  as  Borjesson  (1971)  found; 

(d)  an  increase  in  the  amount  of  linear  perspective  wil) 
produce  a  decrease  in  the  angle  away  from  the 
frontal  plane  at  which  reversal  is  perceived  when 
movement  parallax  is  held  constant,  although  the 
total  angle  of  perceived  oscillation  remains  un¬ 
changed,  as  Epstein,  cc  al  (1968)  found. 

Tho  results  are  discussed  with  relation  to  the  work  of 
previous  investigators  on  thresholds  for  slant  and  for 
movement  parallax.  7 he  importance  of  a  thorough  analysis  of 
tho  proximal  stimulus  array  for  studies  on  depth  and  move¬ 
ment  perception  is  emphasized. 

A  new  and  objective  method  of  defining  and  measuring 
"perceptual  g r oup_i ng  "  o  1  contou rs'l 

A  paper  is  enclosed  by  Barbara  Gil  lam  Lawerpron  entitled 
"Perceived  and  common  rotary  motion  of  ambiguous  stimuli  as 
a  criterion  of  perceptual  grouping"  which  describes  the 
theoretical  basis,  for  the  method  and  initial  research  using 
it.  Further  work  on  the  determinants  of  grouping  as  de¬ 
fined  in  this  paper  shows  that 
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(a)  Grouping  is  greater  for  two  contours  viewed  monoc¬ 
ular  ly  than  for  two  identical  contours,  each  viewed 
by  a  different  eye. 

(b)  The  more  contours  included  in  the  stimulus  which 
have  a  common  vanishing  point,  the  stronger  the 
grouping  of  any  two  of  those  contours. 

(cl  Differences  or  similarities  in  the  line  length  of 
two  contours  do  net  significantly  affect  grouping 
of  these  contours. 

(d)  Absolute  as  well  as  relative  directions  of  two 
contours  appear  to  affect  grouping. 

(c)  An  objective  measure  of  contour  closure  is  possible 
with  this  technique. 

Finding  (a)  and  (c)  can  be  accounted  for  by  the  projection 
area-line  detection  model  developed  in  the  enclosed  paper. 
Findings  (b),  (d),  and  (e)  must  almost  certainly  be 
attributed  to  a  higher  level  of  processing.  These  results 
are  being  nrepared  for  publication. 

3.  T lluslons .  A  paper  entitled  "a  depth  processing  theory  of 
the  Poggendorf f  illusion'  by  Barbara  Gillam  Lawergren  is 
enclosed.  Some  theoretical  developments  of  this  theory  for 
the  Ponzo  illusion  have  been  tested.  It  was  found  that 

(a)  a  Ponzo-f.ype  illusion  can  be  induced  by  a  texture 
gradient 

(b)  A  tost  lino  placed  on  the  more  compressed  pert  of 
either  the  classical  or  the  textui’e  gradient  in¬ 
ducing  figure  is  judged  larger  than  an  identical 
line  on  the  less  compressed  part  of  the  figure  for 
both  vortical  end  horizontal  test  line  orientations. 
This  cont 'adlcts  reports  in  literature  based  on 
observation.  (Humphrey  and  Morgan,  Nature . ) 

(c)  Horizontal  tost  lines  show  more  illusion  than 
vortical  testlines  for  the  classical  Ponzo  in¬ 
ducing  figure  (two  lines  converging  towards  a  central 
vertical  axis)  whereas  vertical  test  lines  are  more 
affected  than  horizontal  test  lines  for  a  texture 
gradient  (horizontal  linos  becoming  more  compressed 
towards  the  top  of  the  figure). 

(a)  and  (c)  were  predicted  on  theoretical  grounds. 
Those  findings  will  shortly  be  submitted  for 
publication . 
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5.  Movement  Perception 

One  paper  entitled  "The  relationships  among  time.  distance,  and 
intensity  as  determinants  of  motion  discrimination"  by  David 
Henderson  has  been  published;  a  copy  is  enclosed.  A  second 
paper  by  Dr.  Henderson,  "Visual  discrimination  of  motion: 
stimulus  relationships  at  threshold  and  the  question  of  luminance¬ 
time  reciprocity,"  is  currently  in  press. 

6 .  Retinal  Integration  and  Differentiation 

Dr.  Henderson  has  programmed  a  computer  to  control  an  optical 
apnaratus  which  presents  asynchronous  flashes  at  various  com¬ 
binations  of  spatial  and  temporal  disparity  and  to  record  and 
analyze  subjects"  responses.  These  experiments  are  aimed  at 
determining  the  relationship  between  the  retina’s  integrative 
capacities  and  its  limits  in  preserving  information  about 
temporal  asynchronies  in  the  visual  input.  Results  to  date 
indicate  that  adjacent  flashes  of  ten  milliseconds  duration  each 
may  be  discriminated  consistently  as  successive , and  the  spatial 
direction  of  that  succession  correctly  ascertained,  for  onset 
asynchronies  of  as  little  as  five  milliseconds.  The  results 
also  show  as  inverse  relationship  between  temporal  and  spatial 
disparity  at  threshold  for  such  a  discrimination.  The  in¬ 
fluences  of  numerous  relevant  parameters  are  being  investigated. 

7 •  Autobiography  of  Clarence  H,  Graham 

Clarence  H.  Graham’s  autobiography  is  enclosed.  It  will  appear 
in  Vol.  3  of  History  of  Psychology  in  Autobiography  edited  by 
Gardner  Lindsey  and  describes  "The  development  of  his  ideas  and 
the  most  significant  of  his  scientific  contributions. 
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CLARENCE  H.  GRAHAM 


EARLY  LIFE  AND  EDUCATION 
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I  was  born  in  Worcester,  Massachusetts  on  January  S,  IPOb,  the 
st  of  four  children,  three  boys  and  a  girl.  My  parents  v/oro 
h  Protestants  from  County  Donegal.  They  first  met  in  tho 
ed  Grates  and  were  married  three  years  before  my  birth.  My 
er  had  been  "sent  for"  by  hoi*  aunt ,  a  strong-willed  voann  who 
ty  veil,  dominated  her  small  grouo  of  relatives  in  this  country 
1  her  death  at  almost  the  same  hour  as  Franklin  D.  Roosevelt's 
G45.  This  grunt-aunt  oi  mine  had  an  important  influence  on  my 
.  She  had  no  children  of  her  own,  and  I  sometimes  thought  she 
r tod  an  unwarranted  claim  upon  my  affections.  Still,  I  now 
p-iitre  that  this  strong  woman  did  indeed  shape  me  in  a  way  that 
la ted  some  influences  derived  from  my  quite  permissive  parents. 


then  I  was  five  7.  went  to  kindergarten  in  the  Cambridge  Street 
School  of  the  Worcester  School  System.  My  introduction  to  school 
was  marred  by  the  fact  that,  having  just  suffered  a  quite  severe 
childhood  illness,  I  was  more  than  usually  emotional  in  my  response 
to  pf-y  first  school  experiences.  The  period  of  adjustment  soon 
-nssed,  and  from  then  on  I  bo on me  a  well  habituated  pupil  in  a  way 
that  probably  had  implications  for  my  total  Ufa  pattern. 

My  most  memorable  cays  in  grammar  school  wore  in  the  later 
grades  during  World  War  I.  Tho  pupils  we ro ,  in  the  days  after 
America's  entry  intc  the  war,  in  a  chronic  state  of  excitement.  Tho 
usual  topics  of  the  curriculum  were  taken  up,  but.  there  was  in 
addition  a  groat  deal  of  singing  of  patriotic  and  popular  songs. 
Various  circumstances  caused  uncertainty  in  tho  time  and  place  of 
parts  of  the  school  program,  and  many  changes  wore  made  in  the 
school  .sessions,  aimed  for  one  thing  at  saving  fuel.  What  with 
rationing,  Liberty  bonds,  war  gardens,  and  tho  countless  other  thin 
out  of  tho  ordinary,  tho  period  of  World  War  I  was  an  exhilarating 
time  for  the  pupils  of  the  Cambridge  Street  School,  before  it  was 
finally  capnod  by  Armistice  Day  in  iCIC .  I  was  awakened  by  bells 
and  whistles  at  2  o’clock  on  the  morning  of  November  11  with  my 
mother  bending  over  me  and  announcing  that  the  war  was  over.  I 
remember  that  I  dressed  as  fast  as  I  could  and.  hurried  to  the  cento 
of  Worcester  where  the  beginning  of  the  celebration  was  taking  plae 
with  many  bonfires  and  much  milling  about.  A  parade  was  arranged 
for  the  afternoon,  in  which  NATO  (Students  Army  Training  Corps) 
contingents  at  Worcester  Tech ,  Clark,  and  Holy  Cross  Colleges  took 
part,  as  well  as  other  military  groups.  Students  commandeered  the 
trolley  cars,  and  excitement  permeated  the  crowd  as  feelings  of 
cotnraderie  and  good  follow:-, hip  prevailed.  My  memories  of  VE  and  VJ 
days  in  1C ’a  are  dim  by  comparison  with  those  of  armistice  Day  of 
1‘JIC  when  I  was  a  twelve  your  old  boy.  I  remember  thinking  that  no 
at  last  all  nations  would  be  saved  for  democracy,  even  those  wicked, 
ones  that  didn't  want  to  be. 


I  was  graduated  from  grammar  school  in  1910  and  went  to  Couth 
High  School  in  Worcester.  I  think  of  high  school  days  as  a  time 
when  learning  was  easy  and  my  teachers  in  general  wore  very  good. 

I  did  not  spend  much  time  cn  homework,  and  in  fact  I  worked  in  a 
grocery  store  during  most  of  ny  afternoons.  Some  nights,  I  spent 

several  hours  in  the  YHCA  gym  and  swimming  pool.  I  J’ooliso  now 

that  1  may  have  been  busier  during  this  period  than  I  ever  was  in 
my  life,  before  or  since.  My  experiences  in  the  public  schools  ot 
V;  ..reester ,  grammar  and  high  school,  provide  a  generally  happy 
memory ,  As  I  look  hack  I  feel  that  I  was  lucky  to  have  been  taught 
by  such  a  dedicated  group  of  teachers. 

In  1993  I  was  graduated  from  high  school  and  spent  the  vacation 

months  working  in  tee  Spring  hill  of  the  American  Steel  and  Wire 

Company ,  thereby  adding  to  my  financial  backlog  at  the  rate  of  uC 
cents  an  hour  for  43  hours  a  v.c-elc,  quite  respectable  wages  at  tno 
time . 


My  mother's  aunt,  whom  I  called  aunt  Maggie,  was  aware  of 
Clark  University  from  nearly  to  time  of  its  founding  and,  as  a 
person  meager ly  educated  herself,  was  respectful  of  the  aura  of 
knowledge  and  scholarship  that  existed  in  its  early  days  under  G. 
Stanley  Mall  and  an  initially  brilliant  faculty.  At  any  rate,  she 
early  determined  that  i  should  go  to  Clark.  Backed  by  ny  own 
savings  and  her  support,  1  entered  Clark  in  September  of  1923  and 
spent  three  years  trying  to  decide  whai  schedule  1  should,  follow 
and.  what  my  "major"  should  be.  I  changed  from  chemistry  to  litera¬ 
ture,  sampled  some  other  topics,  and  in  my  third  year  took  my  first 
psychology  course  with  John  Paul  Nate  shortly  after  he  ban  receiver, 
his  degree  with  Titohener.  X  can  not  say  th-t  the  substance  of 
Nafe's  course  was  memorable,  but  somehow  or  other  Nafc  had  a  way, 
not  of  -instructing  students,  but  of  treating  them  as  personalities 
who  could  be  inreresting  in  their  own  right.  That  they  were  worth¬ 
while  was  further  demonstrated  tc  a  fortunate  lew  by  the  fact  that 
Nafc  paid  considerable  attention  to  them,  even  becoming  their 
friend.  This  magic  seems  to  have  touched  many  students,  graduate 
and  undergraduate ,  who  later  became  well-known  psychologists. 


1  finally  became  a  student  of  psychology  and  took  experimental 
with  llafo  in  ray  senior  year.  Frank  Goldard,  two  years  ny  senior, 
was  starting  work  on  his  doctor's  thesis  and  beginning  to  recruit 
subjects  a.ad,  as  it  turned  out,  an  experimenter  (myself)  for  his 
work  on  light  adaptation.  1  remember  that  I  experienced  an  almost 
joyful  feeling  as  I  sat  in  the  dim  ambient  illumination  of  the  dark 
room,  timing  the  stimulus  marentation ,  bearing  the  accompanying 
clicks  and  later,  seeing  tie  data  take  shape  under  Goldard' s  compu¬ 


tations.  That 


surely  bent  the  growing  branch  in 


way  that  has  persisted. 


In  1927  I  started  graduate  work  at  Clark.  The  staff,  in  ad¬ 
dition  to  Nafo,  consisted  of  Cai*i  Inn'cMson,  Vernon  Jones,  and  most 
especially,  Waiter  Hunter.  Raymond  Willoughby,  associate  editor  of 
Psychological  Abstracts ,  also  war;  an  influential  force  among  the 
stud  ill  is,  especially  in  such  areas  as  developmental  and  abnormal, 
which  would  otherwise  have  had  little  representation.  Of  course. 


th-j  ttvo  mu  1  n  Ini'  1  uoncca  on  nie  wot*  .?  is'uCu  uni!  Hunter.  1  noon  r.'ntn 
mulor  Hunt:?  r '  n  i  riflooiico ,  *  *y  'liroupl?  hlo  nutiiiru’ r.o  An*miil_ 

Hollay  ior  and  lT.ii)1'  1  r> I  ;•  ■  o"  '  a.  ,  'ijjrj  former  cour'id  dove  lopo.l 

in  M  ?  iiii  nppi  c  c ;  at  on  ni  cj'ij  ;<n  i  V‘  ' '>V»yi.’lii>li)(.y ,  O'*pocia  coiin  in 
c:  itoria  or  f?ii !K'i'  t  r,  nit..  1  ;  Mill  c.toi'ul  imiu  lyr  t  *:  of  prnblerin. 

A  i  tiioui'li  1  vcf.pntu.i  lv:,1y  i.o  In.iit.  r  '  si  s  1,  ?  tt  m  Ml'  n  ,  1  roinunb?!* 

that  on  mi'.'  oil.  )  n.  nio  a  eiiol'-e  ol  oy  nl  om.i  t  i  c  approach  11ml 
no  1 1.1)  ir  Iij  ino-  l.|)i  utlior  itudcMit!;  of  tho  cI-imh  rnpporlen .  *  n  our 

5;t  i  "  Ot  1!r  no4ntn  of  view  reproNonlo.1  Ivy  .lor.li  l'lyd  um!  I.rrab,  1 
*  l,n  ii,  i  i,  i,,  liinu'i  recount  wed,  oi  lourne,  1 ! i ; <  1  in  ft  1 

J  'inJir  r.  u  nvaoue.!'  would  probably  bo  favored  by  mmy  or  moot 
nt'  (.'..'Hi *  of  b>  iiavior,  but  even  then  I  had  tlr?  fool  tup,  that  for  mp  n. 
i.cmniiit  of  behavior  would  l-aijutro  nome  more  explicitly  analytic  .ml 
inblo  varjUtb  •  i  n  nr.  o!).p»rl  Ivom  of  ntudy .  And  no,  it  1'J  pfolvhl;/ 
not;  nurp*  lb. i  i  i<  /  tiiliii'i'  ;tii  lit  Peiis.i  1  1  oil  uinl  perception  I, eve 

boon  ilorc.  tho  paltui  laid  out  by  mult  ivorhc  rs  nn  lie Jnbo  1  iz ,  i'aj'viml, 
Morins,,  Much,  Mill,  to  repeal,  LooL*. 

In  r.y  la*»l  y  <;ir  of  p. runuu  1  ..  voi'h  1  fool'.  Jll'ltlep'/j  pr  1  p<  ini ea _o_‘ 
bi  Velio  <  op;; »  •<  e  n :  •  ■ » <  «  1.I|  I.  reflected  iUi*M.  ir  a  n-u'ty  Lr.luiiii;  in 
pit  flonopiiy ,  My  tlita  ti.no,  1'v.M?,  1111)1101'  Imd  bnenr.io  h  tn  )?1 1  1  ii"U  in  1 1  i  , 
nyr.  lul’U  l  in  I't'Ko  t  a  l  ion  ,  he  van  it  bell. i  v  i  oi  j  nl  i.iwi  1  believe  I  to  1  id 
tlifiUi'.lil  bin  poult  ion  tin •  • » n ) ; 1 1 ,  perhaps  not  l.o  tli?>  do |' poo  of  nuV.  July 
c ; 1 1 1  blt"i!  noli'  Jiieonily  by  .5.  U  <  Mentor,  bill  lie  surely  provided 
liculy  f  i.  >i  for  n  I'jib’n  L  t; .  11  n  ’/or  si  1  nod  at  iriiloeti'i  mil  tun  for  1  lit 

ftiiUy  ol  personal  minpori  ;  lliul  lu  not  ii.  my  t.iuit  lib  would  not 
triple  for  his  no}  n  1  of  vi  -.i,',  *.  til*  him,  one  hud  to  lirmw  n.  i  only 

wirnoin  oil'  il  j  •  i  - 1 ! :  j-i  ed  ,  In;'.  :'lxn  v.hy.  1  p.o  l  le  ii  I;.  )•  I  y  i<mi  tJkt  ii  dlo- 
CU'iiion  of  i>  pane)1  m  lil,;,  a,vn  1!,it  h  ;  blit*,  hum  1  i.n.-d ,  ”'l|io  rnib.l  ne  t '  w 

roporl,"  (Huni-ir,  1''/*."),  i  v.ivn  of  lit  -  op.lnloii  that  1!io  Mih.b’et’n 

l'ep/i'L  In  si  I’enpon*  i  lo  1'."  1  !•••!,  !t  •'  f )•>•• ,  ?  )i  ?  point  of  V.'eW  oi 

p:  yebolo-y  lip.  ;.|()-  o'-p.)'  np.,'  :o  .  I J  •  >i  t  <  • )’  '1  1  P‘l  Poeil  ,  ] .  lobu  !>  I'/  ,  Hi  ! 

recall.,  on  tin-  l-aniu  1 1 1*  i',  i,p<r  </l  op  o  i  >‘y  1  up.  ei  lt.urln  in  1  he 

two  i  hi  n  would  be  r  i'lii  1. 1  y  d  I  f  la  l  <_  li  I, , 

1  -lid  I. : y  lb*  ; ,  i  *t  '  |  i|,  f j ; ,  r„ ,  ini)  im I'imM nn  i i "  ) y  |uj  wan  nbnen!  on 

nu>  iptl  I'U  1  1  ■  1 1 V i  in  ’Uii'op  duri nr.  my  l  ln-il  n«m**»ii or ,  N'<vurt  Im li'iin,  ' 

/  ill '.  ijn  a!  1 1  > .  •  Li)'j-it..;(  a  otedy  ol'  binocular  mini  aw  1. 1  oil  at  tlnynlmld 

(brai.aii ,  1 )  ,  (  in  njui  j  in  j.u  or  noil",  yei.j-o  )  >iei  ,  ! . flitl.i 

i.<y  i  o).  1  'ui.iJ"  and  f.o'mnp  ntedoiil  nl  i'o  j  inutiln  wlinlliul  tlu>  miiho 

P  ''olt  1  o'  i  !<•/  iii]  tip  I'li'inl  teeliii  l  ipio  nipt  vvn.a  nl-  o  to  nliow  tho  i.  ;i  lotoneu 
(i’’  r;  Very  i  ia a  I  J  e /'/.«»•(  f»y  ?»•  a  pm  i  1 1  portion  ef  l ho  I'elovUlit  fo«> plio-* 
pl'yaton;  fmiolioli,  (..Jitln,  )b(Jv). 


h.iilie  1 1  /  i.i'i'iniv  iilinluiil  da'/N  a  1.  C’lirli  1  found  niynoli  vp  no)' 
eonpany,  01 1  •  ;  >  •  •.hi.i  v/iio  'an  >  t.luir  *  Jo?'  va«*l«  tin  perloihi  at  tli.'t, 

1  1  i;  ■  '..vro  l-  J’ ■■ ,  ■  I;  (a  id1  nl,  jaibel'l.i'  I'nidon,  Ilo'-otlrni  iJoliu  re  Moll ,  I'a.")} 
V-'a.yM"  I"!'!!1':,  N'*'/!  !;  ,•!*•!  «M  ,  bell  Jj.  b  j  I  I  >  l'l  II  il  1 1  ,  Ml«-OII  b’l'OO.'.  ,  M  lid 

!,,h"l'l  !"Oi"'i',  l.lr  la:. I  live  o,  v.'iiom  reoe  J.  v>*il  their  de|;ioen  v/I.eli  1 
din  r.i  i:  :i». 


Tl,  II-!,';,  J’pdi  leVbVAM  I  a  A  Mb  'ill';  .101 1  Mb  OH  l-'OIjmi/i'llOU 


HI  lie  |  I  ell  .  I  |i  1  l'l  V  Wi'.i  I  I  la  I'll  '/'Dll'  for  ;Hl*de|lU:  Job  4  (11  V/I'H  111'} 
i"  1 1  ‘  - 1  \  •nr  ol'  lli1  lleji-,-1  i  •  toil),  1  iijiplied  wltho'il  Miiecom.  J'or  .i 

M  1 1.  i  ■  Il  • .  1  . aril)  a  I  1  m.  1, 1  p  e,.  p  j  y  jp  tie  y-'iir  (J.n'jJ:;  (.i'.' 1  I .  •  1  aiUlili  el 

i.y  ,  roiio  (ltd  i"ii  iV"  oi)'},  an.  boboi'l  L  >  j  *j  ie  j- ,  punoa  L'rooh,  and  I 


opunlnc  ut  Temple,  V/ould  lio  bo  interested  in  apply inj,'5  .Since  no 
had  already  up,  rood  1o  po  to  Arkansan ,  ho  vro  to  that  ho  hud  :> 
col league  by  tho  name  of  Graham  whom  lu>  would  like  to  nominate, 
.shortly  tlivj  lsi  I'tor ,  3  mot  Thaddous  L.  Dolton,  chairman  ol  the  depar 
mvht  at  ’li.iiiJo,  and  in  Mop  Lumber,  1930  I  war;  appointed  to  oao-yon? 
term  at  Temple  to  take  the  place  of  a  staff  member  who  wa:;  con- 
ploiltiil  hie  Ph.b.  work  a  c  Ohio  State. 


wile i  wa;;  con- 


J  liked  Holton  very  much,  a  focltnp  that  was  enhancer!  by  the 
fact  that  I  know  someth  lnp  abvut  nemo  of  It  is  early  papers  and  also 
tbit  In  had  boon  ut,  Clark  '.’n  the  early  days.  He  war.  nr.o  of  the  very 
oavly  lioliaviorihtfs  before  Valson,  and  deal  th ,  1  think,  in  an  insif;])'"  ■ 
fill  way  with  an  object j  vc  version  of  perception.  Ho  van  an  out- 
Mtarulinp,  »;rliolai  ,  but  hi;-;  into;  ns. t  s  turned  In  tho  MO'S  to  adminis¬ 
tration  during  toimivs  ut  Holivauka  and  Temple.  Xcr  a  short  while 
lie  wan  president  of  tho  fatter. 


Of  tho  stuff  members  at  Temple,  1  had  mere  in  common  with  Hwih" 
hart  Hamilton  than  the  others; ho  was  an  experimental  lot  l’rc  m 
Columbia  and,  until  recently,  ban  chided  the  exponnonlnl  program  at 
To  rap  1  ,  II-'  ;,uh  born  'succeeded  by  Philip  Borah,  with  whom  I  have  had 
luhny  rit  Inn  in  tin/:  dlucunylons  when  ho  was  a  pracluato  student  at; 

CuJ  umbfu . 


ut  the  bee liml hp  of  tho  academic  year,  I  ’.vent  with  -Tamer;  hue1', 
n  T«>t m) J y  liJoloylat,  to  visit  homo  biology  laboratories  in  which. 
h<  a  oh  h.\-.  \/ei  J;  i  lie,  fie'  hi  *<  defci’ev  ut  1  lie  University  of  Penney  1  van’ a . 
lr.i'liii'  1h.it  vImU  ,  I  wont  to  11. -a  physiology  department  wliere  J  met 
II,  C.  Dnrv.'ta.  la/ott  and  X  hud  a  Joi;,'  talk  durinp.  which  ho  told  j.-.o 
about,  i-..,  i.,e  cl  hi;  ruooiiL  wo  id1:  on  touch  j-notsi  and  then  about  some  re¬ 
lated  work  by  HalV’lib ich,  He  was  extreme  1  y  cordial  .and  .seenoc.  lnevy 
f, ;>  discuss  liens'  ry  renoi-rcli  with  u  kindred  soul.  In  the  couv-So  oil 
thy  ill ecmuioii ,  ha  nu;, posted  tdi.at  I  moot  n  yonnp  k’inn  I sn-owedc*  from 
Ho  ie  in;:  furs  named  kupnar  Ciranll  who  Jud  just  arrived  the  year  Irjfcre 
to  woi’k  In  1  lie  .lohna.m  foundation  for  Medical  Physics.  (I  Inter 
learned  that  (in-nil  had  worked  in  psychology  with  (ioJb  before  ho  in - 
delved  IiJh  nodical  dor.ne.)  'jhy  Johnson  foundation  was  then  bonded 
and  directed  by  but  lev  V,.  H-oi.jf,  who  only  recently  bus  retired  as 
President,  of  the  HouPafo!  l-w  Ua  I  vorsi  ty  .mu’  a  few  years  earlier  as 
President  of  the  national  /u:ad<.my  of  Selene  u. 


Al  ar.y  rate,  I  soon  <n >t  Hrait.it  and  Dronk,  and  both  .seemed  hapjr 
to  liayo  i.k.i  work  in  i  !..-'  Jot.,. son  Toun  Ja  1 J  o;i  when  my  f  l  I'toon-hour-a-vcs 
tench  i  lb:  schedule  at  Temple  would  allow.  I'm  afraid  that  I  often 
spoil  More  time  .at  the  Johnson  foundation  than  1  did  i  t  Temple, 

'Jim.  v.an  pom ;i hie  i-lnce  my  teach inj;  took  place  between  9  u.m.and  nec 
five  dayn  a  week.  My  teaching  of  lour  course.-?  in  General  Pry:hoIo;j 
and  on"  in  ba'Siest: loiiul  Psy' ho lopy  may  have  suffered  durian.  Hits 
rep,  ir'‘ ,  but  bo1  loll  did  not  la-cm  to  think  it  was  totally  lament  able . 
At  mld-ynur  he  toli.l  m<-  that  Irr  would  support  mo  for  an  additional 


y  .'.r  Semite  the  fae*  that  the  man  I  had  replaced  would  Iv  retuvn- 
'.uy.  3y  this  time,  however,  I  hat’  made  up  my  mind  to  .apply  again 
ior  a  Motional  Research  ..’oHowship  so  that  I  could  spend  lull  tine 
on  research  at  the  Johnson  'foundation.  i  was  supported  in  my 
application  by  Granit ,  Rvonk,  anc’  Rawott.  I  heard  that  I  received 
the  follows],  in  in  February,  19?,''  and  thereupon  told  Belton  that  I 
would  not  by  at  Temple  alter  Jun-. 


man shin  oi 


At  just  about  that  time  John  Paul  Nafe 


wa : 


offered  the  chair- 


psychology  department  .at  V/ashir.gton  University,  St. 


'-’lie  depaj  tmeuc  at  C  1 ; 


tried  at  first  to  replace  him  with 


sumo  '.veil  •estabUshoc]  psycho!  o, gists  but  soon  gave  up  the  search  in 
thiD  '  \cu  of  a  shortage  of  funds  that  developed  as  the  Depression 
pro, .Tossed;  they  instead  decided  to  find  a  junior  staff  member  and 
offered  mo  the  position.  1  was,  of  course,  unable  to  accept  the 
Clark  Appointment  for  1331-32,  having  already  accepted  the  FRC 
oullowship  as  of  Ju  iy  1,  1 9?  1 .  The  problem  v/as  resolved  by  making 
my  appointment  start  as  of  July,  1932.  Very  importantly,  it  turned 
out  that  .some  of  the  funds  saved  by  thin  arrangement  could  bo  used 
to  refurbish  and  supply  the  Clark  laboratory  during  1 93 1-32  in 
preparation  for  my  arrival. 


Hurl 
worked  v.’ 
our  rose 
flicker 
ho  found 
luini  nniv 
that  »>; 
to  r „• pro 
•  n  tl'.y 
roi  i  n  s 
i.I  C 

change  i 
l um i nano 
lien  o' 

I  a  to 
students 


"il  All  the  academic  year  1930-31.  I  taught  at  Temple  and 
<.th  Oven  it  at  the  Johnson  Foundation.  The  main  result  of 
arch  war.  a  joint  paper  involving  a  determination  of  critical 
frequency  under  various  conditions  (Graham  &  Granl t , 1031 ) . 

that  each  of  two  adjacent  semicircles  equal  in  area  and 
o _ hives,  In  the  presence  of  the  other,  a  ‘critical  frequency 
h. .'.f.lior  than  cither  one  alone.  The  effect  was  interpreted 
■  ent  a  urocos.i  of  retinal  summation.  On  the  other  hand, 
luminance  1  o?.th  'i*  of  the  two  is  reduced  (while  the  other 
t” ■  iin  ’ )  >  critical  f veeuency  of  the  dimmer  semicircle 

t.'.a.iy  uncharged  from  its  value  alone.  The  absence  of 
h  critical  -  vooucrcy  unar-r  conditions  of  different 
r,s  was  in  ..arum  l  d 
the  dim  f.m-Pcirc  le 
r  expanded  by 
)  in  cxj'icr ii.icn 


to  mean  removal  of  summation  by  inhibi  - 
by  the  brighter.  This  type  of  finding 


’ran it  and  myself  (individually  and 
3  on  inhibition. 


Hart! 
and  ;.i 
Granl 
til-  s 
c  1  e  c  i 
i’utur 
is  tod 
vi  tk 

SllCC'J 


7  to  in  my  second  s»ei:r>:-,  t  ,’V  ,t  the  Johnson  Vounrla  t.  i  on  ,  ICcffor 
inc  ivl  i.rue.;  :  r./ia  a  inr-..e-yoar  study  of  physics  at  Bn  1 1 imoru 
unich  f  ol  low  i  !•; ,  his  ru  ..daea  1  degree  at  Hopkins.  Thus  were 
i  and  I.'art !  j  no  ,  two  fulur::  l  ooel  i,n ■.  -rentes ,  brought  together  in 
ame  laboratory .  Hurt 1  in  a  tad  c'onc  a  number  of  studic.  of 
rio’ot  inoyrai.ir,  an  l  ive  vertebrate  o y o ,  and  (a  foretaste  of  his. 


J  research)  the 

in  profusion  at 
.'art lino,  during 
v.'od  in  record'll 


'ye  of  himull's , 
■sog;  Hol  e .  1 
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the  horseshoe  crab  which  ca- 
spent  the  summer  of  193 l  there 
with  some  help  from  me, 
ingle  fibers  of  the  bimulus 
the  almost  perfect  "pry para - 
of  photoreceptor  ay  tiv  it'' 


tiaeo.iphaa,  and  1  spent 
1  oxjmvimonta]  trehniduy  ; 
did  more  work  on  flicker 


L 


along  the  line; 
published. 


the  oar  1.5.03 


This  v.ork  was  no' 


During  this  time  things  were  progressing  with  tlio  refurbish: 


of  the  labor 


at  Clark.  Carl  Murchison ,  the  chairman,  t» 


personal  interest  in  ray  plans;,  nnd  spent  a  great  deal  of  effort 
supervising  the  construction  of  two  largo  dark  rooms,  a  plu>'.;;giah,,i 
dark  room,  the  installation  of  a  direct  current  generator,  and  the 
purchase  of  optical  and  electrical  recording  equipment  that  I  had 
ordered . 

CLARK 

I  returned  to  Clark  in  July  of  193?,  and  spent  a  leisurely  sum  mo 
preparing  the  laboratory  and  developing  some  new  equipment  for  work 
on  flicker  and  threshold  stimulation.  My  work  began  in  earnest  in 
September  with  the  teaching  of  a  number  of  courses,  including 
General  Psychology,  Experimental  Psychology,  Sensory  Psychology, 
Selected  Advanced  Topics,  and  a  new  course  (based  on  work  I  hod  had 
with  Professor  II.  IT,  Jacobs,  the  general  physiologist  at  Pennsyl¬ 
vania)  ,  •huantitative  Treatment,  This  course  was  concerned  with 
curve  fittings,  rates,  and  integrals  in  problems  with  physiological 
and  psychological  applies,  ti ans . 

I  soon  became  engrossed  ir.  the  work  of  uy  students,  who  in  thor; 
days  wore  expected  to  start  work  on  their  M.A.  theses  well  before 
the  Christmas  after  their  arrival.  I  began  working  with  Robert 
Seitol ,  J.  Roy  Smith  (both  of  wir.r.  later  became  physicians) ,  Robe: t 
J.  Crown,  Harry  Karn,  and  Elaine  Fora  bar.  In  the  approximately  pin 
months  of  their  first  year  these  people  had  to  carry  out  a  short 
experiment,  learn  how  to  develop  equipment,  run  subjects,  and  write 
an  acceptable  essay.  The  benefits  of  this  procedure  would  become 
clear  in  their  third  year  when  they  worked  on  their  .  b.l).  theses, 
and  even  in  their  second  year  in  time  left  over  from  Hudson  com¬ 
prehensive  course  in  physiology  which  all  of  them  took. 

Jr:  feptember ,  19k?  Carl  Murchison  asked  me  to  write  a  chapter 
for  bis  Handbook  of  General  Mr pc-r imonta  1  Psychology  in  the  hope  to  <. 
I  might  produce  a  manuscript  that  wouicT  ta  ko  the  pfaoo  of  the  one  ■ 
T.  IVoii.nd,  who  had  recently  died.  As  it  turned  out,  Troland’s 
chapter  was  completed  before  his  death,  and  I  wrote  one  that  did  no 
repeat  any  of  his  material,  i-Iy  chapter,  entitled,  "Vision:  Acme 
neural  correlations,"  (Hid)  gave  an  early  statement  of  a  topic, 
interaction,  which  has  assumed  now  vitality  in  the  last  twenty  you: 
and  which  has  been  shown  to  play  r*  particularly  important  role  in 
almost  all  types  of  visual  processes  including  adaptation.  This 
chapter  and  my  interest  in  this  topic  probably  influenced  my  ntuclcr 
as  three  of  them  at  this  tiro  old  theses  on  interaction. 

Lor v in  Riggs  entered  Clark  ar  a  stuc ent  in  1T3J,  and  soon  show: 
interests  in  linn  with  my  own ,  v’o  put  together  an  amplifier  and 
string  galvanometer  (the  original  used  by  Lillie  for  his  iron  wire 
model  experiments  and  lent  to  us  by  Hudson  boa;. land)  with  which  wo 
determined  the  white  rat's  rod  luminosity  curve  (Graham  &  Riggs, 
lv.>5),  and  later,  with  Edward  Romp,  a  postdoctoral  student ,  the  rod 
curve  for  the  pigeon  (Graham ,  Keuo,  ?:  Iiigfrs,  191-h).  Later,  Riggs 
used  the  amplifier-string  go lvanon  .•  ter  oouiprnont  to  study  the  of;  so 
of  pirn -adaptation  in  the  frog  eicetroret  i no,rr  ;n  (if. "7)  .  rh  ‘ r;  v  or! 


showed  that  Kolilvausch '  s  elec trove  tin  agrams  of  various  shapes,  whir 
ho  attributed  to  color  vp.sion  m  ocosses ,  could  ho  reproduced  by 
changes  in  intensity.  in  the  same  year,  Kef  for  Hartli.no  and  I  con- 
p'otod  rosea  roll  on  the  luminosity  curve  of  Limulus  (Graham  &  Hart" 
lin  >,  3  93  51  .  1  commuted  at  irregular  intorva  Is  betv.’oen  Worcester 

ami  "hi  lade Iph  in  in  order  to  do  this. 


BROWN 

!in  1  of’ "  *'.’n  ]  t->r  Hunter  was  invited  to  Brown  l.’nivoirsity  to  become 
chair*  in  of  psychology  after  Leonard  Carmichael  r.ioved  to  Rochester . 
’id.  ward  I'emo,  who  had  spent  the  year  193^-59  on  an  NRC  Fellowship 
with  Hal  ’  owel  ?  Davis,  lia  <\  already  been  hired  by  Carmichael  and  was 
at  brown  in  he  .torabor  when  Hunter  arrived,  accompanied  by  J .  He'/. 
Hunt,  who  liad  Just  comp!'' ted  an  NRC  Fellowship  at  Worcester  State 
Hospital  and  thus  was  well  known  to  us  at  Clark.  With  Hunter  1  .'cm 
Cl  ark  w -nt  hayuo.vi  Willoughby ,  in  his  I’ole  as  ftssocia  to  editor  of 
tnc  aim  tract:;  ,  aini  myself,  newly  appointed  Assistant  Professor  at 
P-ro.vn.  Harold  Sehlosborg  and  Herbert  Jasper  welcomed  us  on  oair 
arrival  in  Providence,  differ  the  inevitable  short  period  of  adjust 
Ji.cn  t ,  found  oursclvo:,  at  home  in  Providence.  A.s  compared  to 
Clark,  the  r*?  oa.tcs-t  d:  fforonc  >  lay  in  the  size  of  the  undergraduate 
prorram,  \:hieh  at  Clark  nud  be  on  quite  small.  The  program  at  Crown 
had  been  developed  by  Carmichael  and  was  quite  popular.  As  I 
remember  it,  the  first  y-'r.r  course  contained  about  330  students, 


approximately  130  Pembroke  w. ,.,r  n  and  TOO  Drown  men.  I  taught 
sections  or  a  bo  if  3  70,  so;. .a  son  men,  ethers  women.  A  good 

doa}  ci  car  a  was  pi  von  to  this  comae,  and  I  found  that  J  had  to  pa 
attention  to  my  tea  chi. if.;  3  u  a  way  th  1 1  I  never  had  to  before.  The 
other  course*:  1  gave  at  Brown  v- •  re  seminars,  mainly  on  topics 
similar  to  those  I  h  ad  ;.iv  a  ..t  Clerk,  with  the  addition  of  a 
course  of  a  svr.  t.oir.a  i  c  and  thcor  jt  ica  1  sort. 


Guru  the  i.  us!  rue  i  iona  3  program  was  under  way,  we  were  ready  to 
organize  our  re:-..  Kamo  unci  I  (Graham  &  Kemp,  193b)  began  some 

work  along  lines  developed  at  Clark  in  an  earlier  study  of  acuity. 
The  investigation  was  concerned  with  the  influence  of  (tau)  du¬ 
ration  (_  )  of  i  be  ini  eiisity  increment  (jl)  in  brightness  discrimi¬ 
nation  .  (no  durations  used  extended  from  to  2  to  509  msec.  The 

ror.ora  1  findings  nay  bo  symbolized  by  the  relation  _I  •  _  =  cf  (£) 

Tor  a  value  of  -tailor  than  a  critical  duration  _ c  and  by  the 

relation  £  (!)  for  values  of  _  enunl  to  or  greater  than 

c .  In  these  cMi:n  io'hV  i  rrowps-mts  prevailing  intensity  and  the 
Tern  f  (I)  may  1  •  i  a  ken  e.'s  criv.-t  1  to  an  expression  in  Jlocht  '  s 
br  igh  tner-.s  ♦  •  i*c  rim  ilia  t  ion  c qua w ion. 

Th  i:-  sLsdy  was  important  localise  it  proposed.  a  theoretical  for- 
Mulation  of  two  ci  foots,  b"i..:h  tness  disrvirii  nation  and  its  do pen - 
d-inco  •.:>  the  de ration  of  flash  increment  as  described  by  the  Bunsen 

Rose pp  law  of  photochemistry . 

vurirg  l  he  sc  early  years  .if  Brown,  1  had  the  pleasure  of  worker 
With  or  knowing  many  student  .  vim  later  became  well  known  psycho*  c- 
g;  sts  ;  Robert  Gagne  ,  he i  1  d  ;  rt 1  r  tf  ,  Frc  t  Tote,  William  Verplanck, 

••  •.!•'  t  Teller,  Charles  b’of'-r,  i'  -md:  ringer,  and  Parker  Johnson. 
hii‘  i.  •.!•!>.  • ,  3  me  nt.  d  or.  lad.  wiei  ■  in  the  running  behavior 

of  the  white  rat  (Graham  i;  Ga.gne ,  19-19),  a  project  on  which  1  ’utd 

PHwln  i  y  i'f>  t  1  v\  i  n  ;i  ry  niv;  M’t;:  t  inn1;  lio  f  ta  » *r<  lOOvi  I  *7  ~  r*  V  Jr  , 


With  Fred  Mote  and  Dob  Brown  (who  cams  for  a  summer  from  Clark) 
I  worked  on  the  area -in torn ity  problem  in  vision  (Graham,  Brown ,  < - 
Mote,  1039).  Our  formulation  attempted  to  show  why  the'  intensity 
threshold  in  both  the  lovea  and  periphery  decreases  ar  stimulus 
area  increases  according  to  a.  rule  involving  the  integration  of 
elemental  excitatory  processes,  The  experiment  acco'.m  ts  for  the 
manner  in  which  photochemical  and  interaction  processes  combine  to 
predict  the  observed  trade-off  relation  exist  inf-;  between  area  and. 
intensity  at  threshold. 

The  years  at  Brown  from  1936  to  1940  were  some  of  the  happiest 
of  my  life.  The  members  of  the  staff  included  Donald  Lindsl<  y  v.ho 
came  in  1938  to  succeed  Herbert  Jasper  after  the  latter  went  to 
Montreal,  Carl  Pfaf.fir.an  who  came  fr«,;n  the  Johnson  Foundation  in 
1940,  ar..J  I.orrin  Riggs  who  took  a  year's  leave  of  absence  from  the 
University  of  Vermont  in  1938.  During  that  year  Kipps  and  I  worked 
on  Limulus,  In  1941  he  cane  back  to  Brown  ior  further  experiments 
on  LimuTns  and  stayed  there  on  NDI’.C  work  until  his  appointment  in 
194‘:  to  succeed  no.  The  Brown  psychologists  were  an  unusually 
compatible  group.  3a ch  menber  showed  interest  not  only  in  his  own 
area,  but  also  in  oth.r  fields,  thereby  producing  a  broad  spectrum 
of  scientific  tastes. 

The  1930's  passed  into  the  40' s  and  brought  with  them  World  Ua 
II,  first  signalled  by  Munich,  and  then  the  Fall  of  Franco  and  t  c 
Battle  of  Britain  By  this  time  America  started  to  bestir  herself 
and  among  the  first  activities  that  took  place  was  the  emergence  of 
the  national  Defense  Rr search  Committee  (NDKC)  organized  as  part 
of  the  Office  of  Scientific  Research  and  Development  (03UD)  under 
Vartnevnr  Bush  to  mobilize  the  scientific  talent  of  the  United  Ctrl', 
for  work  on  projects  related  to  defense.  Psychology  was  late  in 
being  represented.  In  19':-.  the  Committee  on  Fervico  Personnel- 
Selection  and  Training  was  foirned  uncier  the  Psychology  Section  of 
the  National  Research  Council,  of  which  Leonard  Carmichael  was  then 
chairman.  John  Stalmakvr  became  the  Committee  chairman,  and  pro¬ 
jects  wore  developed  in  branches  of  the  armed  services.  The 
Committee  soon  gave  way  to  the  Applied  Psychology  Panel  of  NDRC. 

The  organization  and  work  of  the  early  Committee  has  been  summarize 
by  Bray  (1CMU)  m  his  account  of  the  work  of  the  Applied  Psychology 
Panel  as  the  la  c tor  devel  oped  with  enlarged  membership  under  Walter 
Hunter  as  Chief.  The  members  of  the  Panel  served  as  supervisors , 
administrators,  and  research  personnel.  My  role  on  the  Panel  was 
mainly  in  programs  relating  to  the  control  of  gunfire,  in  which  I 
was  ably  aided  by  several  other  psychologists,  in  particular,  U,  9. 
Kappauf,  W.  G,  Brogdon,  William  Biel,  ail'1  Douglas  B?  Is'-n.  T s 
addition  to  the  work  or  gunfire  control ,  I  supervised  the  develop¬ 
ment  of  a  Personal  Inventory,  sot  up  with  ’"alter  Shipley,  ar;  a  de¬ 
vice  for  selecting  emotionally  unstable  personnel  in  various  tynos 
of  military  activities.  The  inventory  was  used  to  expedite  the 
work  of  psycuiutris  Ls  in  .selecting  recruits  at  Newport  Nava)  Train¬ 
ing  Station  and  elsewhere  as  veil  as  subiaarir.es  at  New  London. 

Tiie  work  on  the  Personal  Inventory  ir.  \y  owe  something  to  my 
experience  in  psychoanalysis  ior  a  number  of  years  following.  J')3b. 

1  shall  not  uttemnt  to  evaluate  in  detail  the  effect  of  psycho- 
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analysis  on  mo.  I  r. impose  that  a  major  effect  was  that  I  became 
loss  obsessed  with  it  as  I  progressed  in  the  program.  In  any  case, 
it  is  of  interest  that  I,  a  psychophysiologist ,  should  fool  that 
the  problem  of  notional  stability  should  be  at  least  minimally 
examiner!  at  a  time  when  psychologists  in  the  area  of  selection  and 
psychometrics  felt  that  this  approach  promised  little.  In  fact,  it 
turned  out  better  in  the  military  situation  than  had  boon  expected , 
pro5,  .bly  because  non  could  express  their  affects  wore  freely  than 
u  ual  and  might  pain  secondary  benefits  by  so  doing. 

f  iv?  t  c-xnoi  ionco  with  work  under  NDRC  sponsorship  liar'  begun 
earlier  in  the  spring  of  1941  when  I  began  research  under  Division 
?,  the  fire  control  division,  on  problmes  of  height  finder  and  bi¬ 
nocular  range  finder  operations,  I  continued  work  on  problems  of 
the  binocular  range-  finder  until  19  IT»,  although  after  19-12  this  in- 
strum  rt  assumed  a  largely  standby  role  for  radar.  Nevertheless, 
Division  7  felt  that  work  on  it  should  continue. 

My  experience  with  war  research  aenuainted  me  with  several  new 
areas  of  activity.  Mainly,  1  learned  about  a  larger  than  usual 
research  organization  and  tl  problems  arising  therein.  For  a  peri 
at  Brown  I  administrered  a  program  that  had  about  150  psychologic  .s 
and  technicians  in  projects  at  about  twelve-  widely  separated  ostab- 
lishr.icn  is . 

A  number  of  graduate  students  at  Brown  participated  in  NDRC  wov 
Among  them  were  Richard  Derry,  Richard  Blackwell,  Cot- rad  Mueller, 
Richard  Solomon,  Sliot  Stellar,  r  nd  sot.,*  of  those  mentioned  earlier 
w’  o  had  by  tnis  time  received  their  degrees:  Bartlett,  Mote,  and 
Verplanek.  Mos 1.  of  these  participate:'  for  one ,  two,  or  three-  year;- 
at  most.  they  wore  eventually  taken  into  the  Armed  Forces  or  move 
to  r  projects  rs  needs  for  experimental  personnel  developed. 

Finally,  in  1945  V-F  day  arrived  and  then  in  August  came  V-J  day 
foi lowing  the  explosion  of  the  atomic  bomb. 

In  January  of  19-15  I  had  been  approached  by  Henry  Garrett  of 
Columbia  who  sounded  mo  out  on  the  possibility  of  my  going  to  Now 
York  in  Copter.; her.  I  discussed  the  prospect  with  Walter  Hunter, and 
he  and  I  finally  ag'eod  that  I  should  probably  move.  I  very  much 
regrctt'M)  ! saving  Drown,  but  it  seemed  that  a  move  would  bo  for  me, 
as  tor  many  other  psychologists,  an  inevitable  consequence  of  the 
d'urand  tor  new  oi-rsonnel  after  the  war.  Hunter  knew  what  was  goin 
to  happen.  V/j.'hic  a  year  following  the  end  of  hostilities,  lie  saw 
the  department  vhieh  he  had  built  after  1053  dispersed.  Donald 
Binds  ley ,  J.  14c  V.  Hunt,  and  I  moved  to  other  posts,  as  did  Stanley 
Willi. u  ..  who  had  been  at  Brown  for  a  short  time  early  in  the  war. 

I  was  happy  to  know  that  Lorrin  Higgs  would  continue  at  Brown  aft- 
his  NDRC  work.  Today  only  ho  remains  from  the  group  that  was  at 
Drown  in  the  .'iO'r.  and  '0'-.  lluntor  liked  to  say  that  he  never  re¬ 
gretted  seeing  a  good  n\n  leave  him  to  fake  on  a  job  with  greater 
rosoonsi hi 1 i ty .  Ik*  fa  it  that  both  psychology  and  the  man  would 
benefit  Iron  the  change;  end  as  for  himself,  while  he  might  have 
personal  regrets,  his  major  concern  was  the  welfare  of  science, 
y.-v  >  — .  ;  of  us  who  had  left  Drown  at  that  time  were  reunited  a;  the 
dedication  of  the  ’.Valter  S,  J’unt-*r  Laboratory  of  Psychology  in  ID.'-f 
when  honorary  degrees  were  awarded  to  Hunt,  Lindsloy,  and  myself 
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When  I  arrived  at  Colu.n;  ,  V.’oodv.Wi.h  had  just  retired,  and  I 
began  teaching  the  Ad  v:.  .  ..-d  •/,.  periii.  ntal  course  that  he  had  been 

associated  with  Tor  man,  ;e;i  .t  .  Ny  emphases  were  largely  on  the 
topics  of  sensation  a no  perception  together  with  excursions  into 
such  systematic,  theoretical ,  and  hir  toricnl  Iron  trocn  ts  as  contort 
around  them.  In  a  word,  the  tonics  that  interested  :n:>  as  a  gradin' 
student  still  interested  no.  i  also  dealt  for  a  short  1: trie  wi  idi 


some  aspects  of  learning,  hut  because  this  topic  was  covered  ex¬ 
tensively  by  bred  Holier  and  Nat  Scliocnf eld ,  1  felt  there  was  ii-.t’ 
need  for  it  in  my  course. 


o 


In  hoptoir.bor ,  19-15  the  members  of  the  staff  consisted  of  Cm  rot! 

as  chair, van,  Pol fenberger,  Landis,  Warden,  holler,  hlineborg  iwho 
was  on  leave  of  absence  in  Brazil),  and  t'chocnfeld.  Others  wore  on 
appointment  in  General  Studies,  including  V/oodworth  v.lio  continuer, 
to  lecture  to  large  classes  in  his  two  famous  courses,  C  uitompni ary 
Schools  of  Psychology  and  Dynamic  Psychology. 


There  wore  very  few  graduate  students  at  Columbia  in  l',lr',  bu  *- 
the  post-v.ar  influx  started  with  a  vengeance  in  1 94  3 .  There;-  .■  ter , 
for  about  five  yours  I  had  what  I  thought  was  a  large  number  of 
students,  as  many  as  eight  or  ter  working  on  doctoral  theses  ac  any 
given  time.  Other  members  of  ilie  staff  also  had  more  than  the 
usual  number.  The  number  of  students  per  staff  member  has  doc  :  a  r-->d 
since  those  days  because  of  fewer  entering  students  and  also  lari  r 
staffs. 


My  own  and  uy  students’  research  was  well  supported,  At  the 
time  of  Polig  Uocht's  death  in  1017  (the  end  ol  the  year  in  which  no 
and  1  enjoyed  giving  a  semi;-  ;■  to, go  th  -j  r  1 ,  the  University  allowed  me 
to  transfer  the  eoui  prert  ol  Uocht’s  .-oratory  to  psychology .  and 
so  wc  can'  into  nosse:-; if.;-  o  some  historically  important  as  well 
as  useful  equipment  (the  Uocit-.'  biiaor-Pi  rerino  monoeiiro.wa  tor  used  :  a 
the  research  on  ouantum  requirements  r.  t  threshold,  the  Shlacr  ucu:  v" 
apparatus,  tlie  Hecht-.Si)  1  aor  adapt, actor,  and  other  valuable  eeuip- 
ment).  The  Office  of  Navel  Nosoarea  h'.s  supported  my  activities 
from  1947  to  the  present.  I  shall  not  say  that  our  funds  were  over 
large.  7or  example,  until  1 068  GNU  funds  never  exceeded  v?f>,000  a 
year,  and  this  figure  included  part  of  Yun  Jlsia’r-  salary,  an  amount 
that  was  supplemented  by  a  lectureship  in  General  Studios,  I'si’i ,  • 

Voodworth  Ph.D.'.vho  laid  done  postdoctoral  work  with  Hocht,  was  my 
colleague  for  21  years,  from  1947  until  his  death  in  V.’hoii  it 

came  t.o  color  vision,  his  contribution  to  students  and  col  Inborn tors 
was  great.  He  has  been  greatly  missed  at  Columbia. 


Starting  about  10 Ksla  and  I  performed  a  number  of  erne  rim  a  " 
on  no-rml  and  color  blind  individuals.  These  studies  we  believed 
established  some  new  facts,  particularly  as  related  to  i  mr, ij,os'. t  ; 
(i.e.  ,  spectral  brightness)  functions.  The  first  of  the  series  in- 
volving  determinations  of  quanta!  energies  was  performed  on  Severn , 
normal  subjects  (Ihsia  fc  Graham,  195b).  The  results  showed  that 
luminosity  is  at  a  maximum  near  550  nm  with  the  data  showing  doc rex 
ing  values  into  the  extremes  of  the  spectrum  a  long  curvet,  that 
s bowed  variations  in  structure.  In  particular,  they  ‘-hov.ee!  a  we  1  1 
marked  depression  near  450  nn  and  a  smaller  one  near  :>0()  nm.  'bore 
do  or  css ;  ons  wore  taken  to  represent  processes  attributable  to  c-d  >: 
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fundamentals , 


Another  series  of  eluents  (lisia  i\  Graham,  lOSfi)  was  por- 

foimec,  on  color  blind  srfj.jctt  under  renditions  identical  with  those 
used  on  the  normal  suojeetj.  'lire  color  blind  ;rrou;i  consisted  of  two 
c.lns-.es  of  a :  eh  merits  ,  prot-i'nopcs  and  Grate  nopos  ,  individuals  who 
can  mat  on  ary  mx'ctr.i  t  col  <r  by  a.  mixture  of  two  primaries.  as 
compared  with  t»:o  normal  subjects,  the  ju’ot. mopes  r.liov/od  a  loss  of 
nuanosiiy^m  the  red .  In  contrast  with  some  previous  interj  re- 
t<i  -ions  out  in  cor.f oi .n ity  with  earlier  estimates  by  Ilcchi  and  If  sin, 
fd vo  s •' x  deuteranopjs  showed  a  loss  of  luminosity  in  the  fd'oen. 

1  u‘  i  '-o  1  ic:  t ions  of  this  finding  are  important  and  will  be  dis¬ 
cerned  ’a  connection  with  our  work  on  a  unilateral  dichvomat. 

^  .-i  youn^  woman  at  Barnard  College  (Graham,  G  peril  nj; ,  Hsia,  & 
CoUi.'On,  lcihl'i  was  found  to  have  trichromatic,  probably  normal, 
vision  in  one-  eye,  rut  dichromatic,  vision  in  the  other.  .Such  a 
subject,  referred  to  as  unilaterally  dichromatic,  is  very  rare. 
Alfiiou":;  about  ten  have  been  studied  with  some  profit  in  the  last 
hundred  years,  the  technical  methods  and  equipment  used  have  not 
n  <o  possible  de;r*m,able  classifications  i  n  most  cases.  In  adult  in  , 
the  fact  crat  the  subjects  could  riot  be  observed  over  sufficient 
periods  of  tiro  precluded  extensive  analyses,  Analysis  of  nnila\.',r.  1 
cases  or  color  blindness  is  important  to  color  theory,  because  it 
Is  only  in  the  case  of  the  unilaterally  color  blind  person  that  one 
can  inter  what  colors  a  color  blind  person  may  sec  in  terms  of 
normal  vision. 


i  on  in  her  i  ■ 

S ;  Ijl  -'e 


•  ••'■  la  and  J  (Graham  f-  V 
for  tills  subject  vho  had 
di chroma! i e  v : -  ion  in  her 
coas.ideva <>»y  .iv; ;  t >. 

IJiin.;  o ye;  both  eye.,  sen  - 

Another  matter  of  then 
'  -'C  •  y  till  '  pub. 'joe ;.  i  u  !■• 
t  c  ich '.'cm.',  t  i  <•  e'/-.: ,  -\\'i  c-..) 

performed  and  the  ’••ysulr.i; 
lui-.'S  in  h'-r  dicl.i'orr.r  is  r  v 
than  her  neutral  ;><.■;  i,t  (  Ln, 
mil  by  : i  yel  low  of  a  oout 


sin.  Zr)Vr,')  examined  absolute  luminosity 
r  iebrom-.t  Ic  vision  in  her  rif'ht  eye  and 


■  i  ,  and  found  that  her  ri>,ht  eye  was 
in  lh"'  him  aid  preen  than  the  color 
to  be  o.pin'.ly  sensitive  to  the  red. 

1 Ig  1 1  importance  concerned  the  colors 
di  chroma  *.  i  c  as  contraste  d  with  her 
•  '  .'if.  on  binocular  color-matching  was 
di--ulod  id. at  the  subject  saw  only  two 
h’no  mulched  all  wavlenplbn  fiveater 
waveloiif/th  seen  as  white  at  about  r.Ol 


nu,  oy  a  yellow  of  noout  .“70  un  soon  in  the  trichromatic  eye.  bho 
mat  choc  y/nvoloiv’.th  -  shorter  than  the  neutral  point  by  a  blue  of 
about  *<')  n.n  ?>«:.*, i  in  tin  trichromatic  eye. 

i*r!  .*  '  tar  described  raise  an  important,  theoretical  pro'. - 

j.oii  'or  u.cIu'om:!  tic  theory :  how  can  that  eye  see  yellow  if  sonsi- 
^vity  *■''  '••,‘e«;i  ?  r.  lost,  either  to  fully  or  to  a  major  extent/  Tu 

addition,  o:r ..  nip.ht  a«  k  about  tli«  mechanism  by  which  a  sinyle  hue 
ol  blue  is  seen  i-*r  .si  I  v  i ve  1  enctlir;  shorter  than  the  neutral  point, 
moth  j  nil  v'i'l  be  ;  a  fa  aoo  •  t  the  latter  nuestion,  but  the  proof  cm  of 
yc 1 1  o  v  rust  L .’  cons  ice-red  . 

!.et  it  be-  suppos:  .,i  that  in  deuteruiooia ,  for  example,  the  nub- 
j  'cl.  s  usual  red  r">ce;» tors  beer. me  attached  to  cells  that  .sipn-al 
central  yellow,  while  tii  •  yi'-on  r  -captors  sip, mil  a  similar  ye ]  l o‘v . 

n”l  l’-'su !  t  «>f  this  ari-an;t<*Pieiit  is  that  either  red  or  preen  v'tve- 
1  r .- n ■  t . i  si  inis').!  cion  will  be  seen  as  yellow.  'l  ie  precise  ir-odif  :.c  1 1  ~ 
7or..,  in  1  -.e  absorption  sroclra  of  romptors  that  are  required  r,„ 

.. p; •  a  losses  are  rea-'il'-  nr-cKvibio.  Further  work  on 
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spectral  brightness  watching  and  flicker  was  performed  by  r,i‘a  Merger 
in  collaboration  with  Hsia  and  me  (Dergcr,  Graham,  fc  Hsia,  G>r''’)  . 

About  ton  years  after  the  work  on  dicbromats  am!  the  anilrtcr- 
ally  dichromatic  subject,  Hsia  and  r  participated  in  an  oxper ; i-or  ; 
with  Harris  Kipps  and  Irwin  Siegel  (Siegel,  Graham,  Kipps,  ■■  Hs>a, 
1QS6)  ,  two  foiiiior  Columbia  stuca  *  ts  who  are  now  research  scientist':? 
in  the  Laboratory  of  Ophthalmology  at  Now  York  University  Medic a • 
Center .  The  young  woman  on  whom  we  made  determination.1?  Lad  boon 
previously  studied  by  Gilliam  iUtsnton  of  Cunbi  iohgo  University,  while 
lie  was  in  the  United  States  at  N1H,  Rushton  demonstrated  ti-i i  the 
subject  was  totally  color  blind  at  low  photonic  luminances ;  tliim,  it 
was  m esumod  that  she  exhibited  exclusively  rod-type  vision.  In 
fac+,  Rushton  dencnstrated  a  single  type  of  dark  adaptation  curve 
representing  rod  function.  Our  examination  of  the  subject  showed 
that  although  her  vision  war;  totally  color  blind  at  low  nhotopic 
luminances,  her  results  on  the  Fa  m.*;  worth  test  showed  that  she  had 
a  tri tan  defect  ("blue  blindness")  which  was  superimposed  on  a 
geneiali/.ed  reduction  of  cone  sensitivity.  This  im’ostigat'-.on  was 
important  in  showing  how  an  almost  totally  color  blind  subject  may 
show  some  decree  of  dichromatic  effect  (in  this  case,  a  tritan 
defect)  against  a  background  of  reduced  cone  sensitivity. 

The  last  study  on  which  llsla  and  I  collaborated  (Graham  &  jisv.u, 
13"/))  was  one  on  the  fovoal  achromatic  interval,  the  difference 
between  the  logarithms  of  the  fovoal  chromatic  and  achromatic 
thresholds,  V-c  found  that  the  curve  for  the  chromatic  thresholc- 
lias  the  form  of  a  curve  of  colorimetric  purity  an  a  inaction  oi 
wavelength;  that  is,  it  is  the  reciprocal  of  a  saturation  curve; 
does  not  have  the  form  of  a  luminosity  function.  The  curve  for  vhe 
achromatic  threshold  is  below  and  shaped  differently  from  the  curve 
for  the  chromatic  threshold. 

It  is  pointed  out  that  colorimetric-purity  thresholds  and 
chromatic  thresholds  seem  both  to  ho  reciprocal  measures  of  matu¬ 
ration.  Chromatic  threshold.};  may  have  an  advantage  in  estimating 
saturation  because  they  do  not  involve  a  physical  mixture  ol  eo’ <"• 
with  white,  tins  is  not  to  say  that  an  achromatic  component  (v.livO 
is  not  involved:  Die  chromatic  and  achromatic  components  an1 
intrinsi c . 

Since  doctoral  theses  of  graduate  students  often  mirror  the  in¬ 
terests  of  the  sponsor,  it  is  probably  not  surprising  that  novel  a] 
of  my  students  have  perform:'/  experiments  in  color.  Among;  those 
are  Shakantala  Bularanun,  who  cci  Inborn  tod  with  Hsia  and  i.’s 
(Halnrnmn n,  Graham,  f-  .5::Jn,  if  /.)  on  sor,e  exgeri  meats  and  wrote  an 
historical  uccciun t  oi  color  blindness  li.PGk),  Alecr.a  Iiuaro  (1  )•■>.)) 
who  per  f  on  led  some  fiiioo  riant  '.u-’perinioii  is  o.i  color  naming,  and  Jca.u 
l'ol lock  (Ibbo)  who  do  ferr.’p-ed  human  luminosity  curves  by  means  of 
a  reaction-time  study  that  was  co-snouror  <1  by  v: ,  .1,  i.icMll, 

Gerald  Howott  and  Cary  Youcmura  have  continued  their  iutf  rest,  in 
vision  by  worki.i;'  for  many  years  in  color  at  the  National  bureau 
oi  'landards, 

these  experiments  on  color  hy  students  may  be  taken  to  i  1  u:  - 
trate  a  principle  that  7  hive  adhered  io  in  guiding  student? 
during  1  iu»  initial  stages  of  a  doctoral  project.  No  1  ar  as  T  i"a' ' 
i’  i.r the  choice  of  thesis  subject.,  I  tried  1  o  come  to  com  ■  agree 

t  with  the  student  on  a  topic  that  might,  fa.'  in  fact  an  i  r.  •• 


Since  doctoral  theses  oi 
to rests  of  the  sponsor,  it  ; 


National  bureau 


1  uder.te 


riliction  to  a  nroph’am  of  .■  m  uv-h  in  which  one  sepiccnt  would  lone’  to 
.toother.  I  have  four..'  that  most  student;-  conn  pet  interested  in 
their  topic  and  very  often  t'oliov.-  it  intensively  with  uscfin, 
some  times  important,  rcr-is'1.  in. 

I  have  sometime*  tnuuahf  that  I  have  not  followed  ray  precept?,  in 
my  u'vn  research .  51  is  true  that  I  have  concerned  myself  witu 
vision  aiid  visual  ;>ovc  ,*;*tlon ,  but  it  is  clear  that  within  ray  c.'.osen 
field  r  pave  taken  part  in  a  considerable  variety  of  experiments 
re. nr; iny  from  electrical  recording  to  work  on  nei-’-eption  of  the  Amos 
v.ir  'ow.  Iho  work  with  Yun  Hsia  ov.  color  vision  took  place  at 
Columbia  from  1C  Id  to  1333,  and  a  different  set  of  studies  took 
place  f o t lowi "ip:  the  paths  laid  down  in  mv  work  with  Granif.  and  in 
the  or!,  by  myself  and  students  at  Clark  and  Brown .  Ino  latter 
experiments  involved  primarily  such  topics  as  interaction  and 
various  psychophysical  parameters  of  visual  discrimination.  I  have 
in  mind  r.ue.-i  experiments  as  the  one  at  Clark  with  Carolyn  Cook 
(Graham  fc  Cook,  133';)  on  intensity-time  parameters  of  acuity  and 
the  study  wi fch  Kemp  at  Brown  on  Intensity-tine  relations  in  bright¬ 
ness  discrimination  (Graham  &  Kemp,  1033).  an  experiment  of  the 
same  sort  is  the  one  by  Graham,  Brown,  and  Mote  (10391  on  the  area- 
intensity  relation.,  also  done  ait  Brown.  Such  experiments  are  im¬ 
portant  because  they  deal  with  essential  variables  that  theory 
should  account  for.  At  Columbia,  I  par iicipat<  d  in  two  experiment.*' 
that  hat)  some  of  the  characteristics  of  the  studies  at  Clark  and 
Brown,  the  first  a  study  in  dark  adaptation  with  John  L.  Brown, 
Howard  I(a  n  ken ,  and  Hersche'  Leibovitz  (Brown,  Graham,  Loieowitz, 
i-  Ban  ken,  1393). 

Luminance  thresholds  for  the?  visual  resolution  of  various  wiaens 
of  al  rerun  t  in;;  lipht  and  dark  lines  were  dct.ei  mined  a  <:  various 
timer  in  the  dark.  The  furoi  ip-ati  ues ,  representing  hiph  c’ryroes 
of  visual  acuity,  *,b  /;"■<'  only  a  sinf*  !••••  cone  curve  that  dropped 
ouicklv  from  a  Irui:  luoir.  -.noo  tin  ••shold  during  the  first,  moments 
of  dark  ackipta  v  ion  to  a  final  si  sidy  l  evel.  Coarse  nvatin**s  pro¬ 
duced  a  duplex  curve  that  shoved  an  initial  cone  portion  and  a 
delayed  rod  portion.  The  higher  the  criterion  for  depree  of 
resolution,  the  higher  the  dark  adaptation  threshold. 

An  inierostinu  experiment  on  parameters  of  brightness  discrim¬ 
ination  with  particular  reference  to  interaction  was  performer  kp 
Fhilhurn  Hatoosh  and  me  (kitoosh  &  Graham,  1931).  The  experiment 
antedates  studies  on  the  excitatory  and  inhibitory  interactions  of 
adaptation  stimuli,  a  problem  that  has  received  considerable 
a  1. t<>nt Ion  in  recoil i:  electrical  recording  work  on  lower  animal'.; 
as  veil  a<:  in  recent,  psychophy .•?  icr.  1  experiments 

studied  the  o' foot  on  fovea  1  brightness  discrimination  of 
chances  in  the  dkicU.j  s  of  the  test-  (-_! ..)  and  adapting-  (1.  ) 
fields.  v.'tth  respect  to  the  effects  of  area,  two  findings  emerged 
fnn  t!'e  result:- (a)  for  a  riven  brightness  and  constant  tost- 
f  ield  si//’,  brightness  d  is  crimination  improves  as  the  size  of  the 
a  duet;  i  nr.-a  vea  i  nr  r.  a;  u. ;  and  (b)  for  a  given  brightness  and.  con  - 
stmt  rdaptiny-f  Je  Id  a»— a  ,  brightness  discrimination  improves  as 
i  c.f  the  text-lie 1  d.  increases  until  in  optimal  size  of  test- 

<M:ld  fta  i  u. ond  tills  size,  an  increase  in  the  size  of  too 

Veld  may  vriuH  in  a.p.lam  values  of  V/ebor's  fraction, '-I /I  , 

,.n  iiif  ’iMctioii  lo'po‘  ho;ix  was  advanced  that  seemed  to  account  for 
the  el  foe. ts  of  area  and  luminance  in  this  experiment . 
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My  graduate  students  performed  a  considerable  number  of  mcncri- 
ments  on  psychophysical  parameters,,  Among  the  group  wore  Leonard 
Diamond  (191.3)  who  worked  on  contrast,  Celeste  McCoT  loch  (191") 
on  Mach  bands,  Howard  Baker  (1949)  on  light  adaptation,  Robert 
Herrick  (1993)  on  intensity  discrimination,  John  Coulson  on 
Fechner's  Paradox  (unpublished),  Joel  Pokorny  (1938)  on  acuity, 
i,  Urn  oh  i  ra  Akita  (1834)  with  Hsia  and  me  on  color  contrast,  George 
Herr  on  acuity  and  several  others.  Conrad  Mueller  (1831)  indepen¬ 
dently  examined  some  implications  of  Poisson  distributions  of  in¬ 
crements  in  luminances  for  brightness  discrimination. 

Other  experiments  by  students  produced  useful  data  on  space  and 
movement.  I  nave  in  mind,  for  example,  an  experiment  by  Florence 
Veniar  (1943)  on  the  just  discr iminable  distortion  of  rectangular 
figures,  which  gave  the  unusual  result  that,  for  this  sort  of 
shape  discrimination,  Weber's  law  holds  over  the  total  largo  range 
of  prevailing  stimulus  dimensions  investigated. 

Another  area  of  interest  was  investigated  by  Elaine  Hammer  (194 8) 
to  whom  I  have  been  happily  married  since  1549.  Her  thesis  on 
temporal  influences  on  figure,  l  af  tnv-oi  fects  studied  their  develor- 
r.’.ont  as  a  function  of  exposure  duration  of  an  inspection  figure  and 
their  decay  as  a  function  of  the  time  interval  between  the  presen¬ 
tation  of  inspection  arid  test  figures. 

I  first  became  interested  in  movement  discrimination  after  Worn] 
War  il,  when  I  felt  that  data  on  thresholds  for  monocular  movement 
parallax  were  badly  needed..  Monocular  movement  parallax  is  a 
strong  and  basic  cue  for  depth,.  When  a  Human  being  who  is  moving 
through  space  fixates  an  object,  that  is  not  moving,  a  changing 
difference  angle  exists  between  the  liner,  of  sight  to  the  fixated 
object  and  another  object.  If  objects  in  the  environment  move  while 
the  observer's  eye  remains  motionless,  a  comparable  condition  of 
changing  difference  angle  exists  to  the  principal  line  of  sight. 

We  determined  the  threshold  monocular  movement  parallax  (i.o., 
differential  angular  velocity)  as  a  function  of  the  prevailing  rate 
of  stimulus  movement  in  the  subject's  frontal  plane  (Graham,  Uakr, 
Ilocht,  b  Lloyd,  19  IP),  The  subject  was  instructed.,  except  under 
certain  conditions,  to  follow  with  one  eye  the  movements  of  stimuli, 
c.g.,  two  vortical  needles,  and  to  fixate  the  small  region  of 
separation  between  them.  With  his  eye  following  the  movement  of  the 
needles,  the  adjusted  J  lie  lower  needle  until  the  two  noodles 
appeared  to  bo  in  the  same  frontal  plane. 

The  threshold  differential  angular  velocity  varied  with  back¬ 
ground  luminance,  with  the  rate  of  the  prevailing  standard  needle 
movement,  ana  with  the  visual  axis  of  movement.  Ii  is  surely  true 
that  small  differences  in  angular  velocity  may  he  discriminated; 
thresholds  are  of  the  order  of  30  to  C9  sec  of  arc/sec.  It  is  of 
great  interest  that  discrimination  of  space  by  monocular1  movement 
parallax  can  be  made  in  any  axis  of  v is ion ,  whereas  stereoscopic 
vrsion  occurs  only  for  conditions  of  disparity  in  tin.;  horizontal 
axis.  Similar  results  were  obtained  by  a.  method  directed  toward 
another  objective  by  Aubert  (1389)  and  Vy  my  former  student 
Father  Richard  Zogors  (1948). 


in  - 


'ilin  i;  1  railin'; ta nee*  In  nature  to  which  dl  f forential  mo^omont  di.s- 
cr  imi  na  1  1  ns  a  .ply  arc,  of  course,  manifold.  A  differential  nupulnr 
velocity  exists,  for  example,  between  any  pair  of  arbitrarily  se¬ 
lected  points  on  a  moving  object  every  time  that  object  changes  its 
orientation  in  nonce.  a  strlklnp  manifestation  of  the  of  feet  is 
ejeonp]  1  f  led  Ip  Amos'  rotating  trapezoid  window.  The  trapezoid  win¬ 
dow  consists  of  a  flat  surface  cut  out  of  wood  or  metal,  painted  to 
resemble  a  window  with  its  panes  of  plans  and  other  characteristic 
loatii'.’i  i me  side  of  the  window  is  larper  in  the  vortical  dimen¬ 

sion  II..  ,i  t i i < ■  other.  ’Ihe  window  rotates  at.  a  constant  rate  about  a 
noint  that  is  nearer  flic  short  end  than  the  lonp  ond.  As  the  sub 
.ioct  lool'.s  at  the  window  he  oh ‘erven  that  Instead  of  Hecminj:  to 
rotat  >  in  a  circle  about  the  orator  of  rotation,  tho  window  appears, 
to  one  i  I  1  i  to  bade  and  forth,  centorinp,  about  the  perpendicular  to 
tho  frontal  piano. 


'ihe  stimulus  conditions  urovl  ill  rip  this  typo  of  apparent  move¬ 
ment  have  been  discussed  by  me  (''iO-'Oin  tenriH  of  an  analysis  based 
on  two  types  of  cues:  ( 1 )  th  •  <li  t  ferential  annular  velocities  sub¬ 
tended  at  the  eye  ol  the  subject  by  pciuctod  points  on  the  fliirJ'Aoo 
of  the  window,  and  (;;)  linear  perspective  provided  by  the  'lnn<r.  and 
short  vertical  sides  It  has  been  shown  (theta)  that  the  annular 
d  i  i  lereni.  la  1  v  jocity  d  ■  oM  at  tho  uyo  is,  for  countorc  1  ochwf  so 
h»»(  \  lb'll ,  ir*|» al  !  ve  for  cert  a* In  positions  of  tho  )>ointn  behind  tho 
frontal  plane  and  positive  for  appropriately  disposed  points  in 
front  of  the  frontal  plane.  In  coriHOomuHO  of  these  condition!..,  tho 
siibj-'d  cannot  lull  whether  ti.o  points  on  Ihu  window  are  anproruh Ir.v, 
him  in  trout  of  tlio  ironl.l  plaro  or  movinr.  away  from  him  behind  11. 
lir.de  r  th'M.e  c  1  re  ui.Mtuncok ,  how  boon  tho  subject  sue  the  move  wont  of 
tli**  v.  i  ."a)’.'  *  Ilea  answer  in  that  he  resolve/,  tile  amhlpnl  ty  or  move- 
>i  lit-  bara  Max  cue;  by  depend  1  up  op  pomp  s  tive  cues,  'Hr:  short  sib  t 
b"ci,r<  to  move  alternately  toward,  and  away  from  tho  nubj<  ct  behind 
the  trout. tl  pliiio  With  a  periodic  oseii  lr.tinr,  motion  over  an  a  npul  a  .■ 
tulip  •  a  wr;u:  I  np.  1  behind  the  frontal  plane.  Tho  lonp  end  seem: 
to  move  iii  u  <  aii’i.» .  iv  b  J  e  Manner  in  front  of  the  lrontal  plane,  'i  !i  n  .< . , 
th-’  or, i  Illation  sooiir  to  a  movement  throu;:h  noarly  half  a  circle 
and  a  rot  urn  a  I  a  rate  which  In  tho  rate  of  physical  rotation. 


in  a  recent  Mindy,  my  re]  leapse  bulbar;.  (Milam  and  I  (Graham  h 
Gill. im,  l')70),  tested  tin  I.,  e,iy  tint  reversals  in  the  Amen  window 
are  the  outcome  of  ,i  nee > |  e 1. 1  .a,  of  a imI •  i p nous  rlJt  ferontiaJ  unrulcr 
vlocliy  cue!,  by  I  inear  i  >  ■  r* .  o.  <:  I.  J  ye  pn  ra  lie]  projection  of 

the  window  on  an  o.  .1  p  las.  re  . n  was  uood  an  thci  stimulus.  Opr 
/■.ubj'  its  tiliamt.  alw.i/o  i  so,  .  •,(  i  wo  a ;  mu  rent  Vev:*»Hals  per  rotation, 
’Ibu  short  v  ■  ’  t  ■  1 1  <’  a  ;  side  of  1  be  iJpw.-r  v,  is  alwayw  apparently  in  l’roo’; 
ul  11c  lopn,  v  •  ■ )  • :  i  (  i . 1  Mb",  'I  bo, ..  results  were  )  nlorpretud  to  be  1 1  • 
l  i  1 1  1  Will.  1  ll.  '0|\  i  t  1  ea  i  e)-  pep  l .,  I  i  ( , , 


b'l  her  worl.  <iii  v.ij  ion-,  a.oo  cK  of  space  and  movement  has  boon 
GUTI  'il  out  by  mv  form-o-  Miube.  is:  Al  :  red  hit  (ly^JP)  who  studied 
H  1  lull  rich  ef|.  ci  e,.  tone  ( Ve  l  y  otartlnp.  with  Ills  doCtor’H  thus  1.M, 
V  v  lanne  1  pi  1 1  h  (i '>'/'))  who  Htiulied  fusion  perception  for  parts  of  a 
hi'ia  1  '  a  r  i  ,  (,  Jin  fu  'ey  (  l  h  ,  i )  who  wm'lo-d  on  the  bone be rp  theory  of 
s  :>■'  1  <-'■  i  ■  ‘  r  1 II  ll  >  1  1  "I, ,  till, i  ba  v  l  <1  il'iplej-son  M<»70)  who  performed  a 

d  l  :i  -ir  i  >ii  i  I  analysts  of  Hr.'  t  It  ri'Nlio  I  b  stimulus  for  motion 
d  isc  r  li  1 1  im  i 1  on  . 
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Visual  movement  is  a  discrimination  which,  if  one  is  to  judge 
by  the  results  of  electrical  recording  studies,  exhibits  elaborate 
and  complex  types  of  neural  interaction  phenomena,  especially  of  an 
inhibitory  nature.  Tills  type  of  mechanism  seems  to  provide  the 
basis  for  the  directional  sensitivity  shown  by  certain  cells  of  the 
retina  (Barlow  fc  Hill ,  1063). 

Barbara  Matos,  a  former  studnet,  and  I  have  reported  (Matos  & 
Graham,  1970)  new  data  on  the  velocity  threshold  for  real  movement. 
As  the  length  of  a  narrow  stimulus  object  increased,  width  remaining 
constant,  wo  found  that  the  velocity  threshold  also  increased.  Those 
findings  were  discussed  in  relation  to  some  psychophysical  experi¬ 
ments  by  Diamond  on  brightness  contrast,  where  it  was  shown  that 
the  dimming  by  contrast  (with  an  inducing  field  of  higher  luminance) 
of  a  test  field  was  a  function  of  length  of  an  inducing  field  of 
constant  width. 

The  effect  of  stimulus  length  on  threshold  is  analogous  to  the 
findings  of  Barlow  and  Lovick  (1966)  on  the  effect  of  size  on 
motion.  They  say,  "if  the  image  of  a  moving  object  spreads  out- 
sido  tho  receptive  field  onto  its  surround  there  are  fewer  impulses 
than  when  it  is  confined  to  the  receptive  field  alone.  This  must 
be  the  inhibitory  mechanism  that  elevates  the  threshold  for  large 
compared  with  small  spots  and  it  is  presumably  different  fi'om  the 
inhibition  responsible  for  sequence  discrimination."  From  this 
point  of  view,  then,  tho  longer  stimulus  line  should  provide  a 
higher  threshold  than  docs  the  short  stimulus  line.  One  possibility 
concerning  this  relationship  was  suggested  in  my  Tillyer  Medal 
address  at  the  Optical  Society  in  1963:  "Increasing  tho  size  of  a 
bright  object  on  a  darker  background  at  prevailing  low  rates  in¬ 
creases  ...  the  rate  threshold.  'ibis  may  mean  that  an  increase  in 
length  of  the  moving  stii.ulus  provides,  over  its  length  and  In  ad¬ 
jacent  unstimulatoci  areas  (particularly  at  the  leading  and  trailing 
edges),  a  change  (in  interaction  effects).  The  effect  a  given 
(contour)  point  is,  presumably,  increased  (or  decreased,  deoonding 
on  contrast  relations)  by  virtue  of  the  greater  number  of  converg¬ 
ing  units  that  exist  with  longer  lengths  of  stimuli  than  with 
shorter, " 

THEORETICAL  FORMULATIONS 

From  my  days  as  a  graduate  student,  theoretical  and  systematic 
problems  have  played  an  important  role  in  my  thoughts  about 
psychology.  Tho  article,  "Psychophysics  and  behavior,"  (1934)  pub¬ 
lished,  while  I  was  at  Clark,  (but  first  formulated  in  1932  while  I 
was  at  tho  Johnson  foundation)  served  as  the  introduction  to  a 
number  of  articles  concerning  the  field  oi:  perception  and  its 
specification  as  an  area  of  objective  psychology.  At  Columbia  I 
published  the  second  article  of  this  sort,  entitled,  "Behavior, 
perception,  and  the  psychophysical  methods"  (1950).  After  the 
latter  came  out,  I  gave  an  invited  paper  at  an  APA  symposium  in 
which  I  attempted  to  interpret  the  systematic  status  of  some  recent 
experiment  in  terms  of  formulations  given  in  the  two  papers  (1052). 

I  chose  to  discuss  Kohler's  experiments  on  figural  after-effects, 
Bruner's  experiments  on  estimates  of  the  value  of  coins,  and 
Luncbcrg's  theory  of  non-Euc  liloaii  space.  In  my  treatment  I  re¬ 
vised  some  terms  that  often  implied  aphcnomcnoiogical  context  and 
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attempted  to  recast  them  in  an  objective  formulation.  It  became 
clear  to  me  after  reviewing  the  papers  mentioned  that  a  more 
elaborate  account  of  thuja  (and  the  systematic  discussion  that 
appeared  in  short  form  in  my  chapter  in  Stevens'  Handbook,  1951) 
would  be  required  to  do  even  aporoximate  justice  to  a  formulation  of 
perception  in  an  objective  psychology.  I  took  advantage  of  my  presi¬ 
dential  address  at  the  Eastern  Psychological  Association  meeting  in 
1953  to  discuss  the  tonic,  "Sensation  and  perception  in  an  ob¬ 
jective  psychology "  (1950).  In  this  paper  I  tried  to  Rive  a 
broadened  account  of  the  psychophysical  experiment,  discussing  it  in 
wider  terms  than  the  usual  methods  of  constant  stimuli,  limits,  and 
adjustment.  I  considered,  for  example,  an  experiment  on  color 
naming  classifiable  as  a  psychophysical  investigation.  I  also  tried 
to  pive  a  treatment  of  introspection  as  it  contrasts  with  the  usual 
psychophysical  experiment.  Other  aspects  of  the  discussion  con- 
cci'nod  specifiable  differences  that  underlie  sensation  as  contrast¬ 
ed  v.-j.th  perception.  Surely,  I  decided,  no  operational  diffci'ence 
exists  between  the  natures  of  the  two.  As  for  differences  which 
concern  matters  of  definition  and  specification,  that  may  be  another 
story.  It  would  seom  that  elements  may  be  included  in  either  class 
on  the  basis  of  whatever  criteria  are  justifiable;  however,  some 
empirical  basis  must  underlie  the  cataloging. 

It  is  probable  that  little  more  need  now  be  said  concerning  my 
thoughts  about  perception  in  an  objective  psychology.  A  number  of 
additional  treatments  have  been  offered  on  other  aspects  of  this 
tonic,  but  they  will  not  be  summarized  here.  It  is  sufficient  to 
say,  I  think,  that  the  field  of  perception  may  become  co-extensive 
with  psychology,  and  the  field  of  objective  psychology  can,  at  least 
symbolically,  become  co-exicnsivo  with  perception,  in  terms  of  the 
stimulus-response  formulation  R  -  _f  (a  ,b,  .  .  .n  ,  .  .  ,_t ,  .  .  ,x,y  ,z)  ,  where 
R  is  response,  the  first  letters  of  the" alphabet  refer  to  stimulus 
variables,  the  last  letters  to  conditions  of  the  organism,  and  n 
and  refer  to  number  and  time,  respectively. 

JAPAN 


My  two  most  noteworthy  travel  experiences  in  connection  with 
psychology  began  in  the  same  year,  1952.  In  the  summer  of  that 
year,  I  was  invited  by  the  University  of  Illinois  to  participate  in 
its  Program  in  American  Studies  at  the  University  of  Kyoto,  spon¬ 
sored  by  the  Rockefeller  Foundation.  Five  of  us  left  San  Francisco 
for  Kyoto  in  early  August  and  returned  seven  weeks  later  having 
participated  in  a  program  of  studies  designed  to  present  examples  of 
American  programs  in  various  fields:  Political  Science;  American 
Literature;  Education;  Economics;  and  Experimental  Psychology.  I 
was  very  fortunate  to  conduct  a  seminar  with  a  group  of  young 
psychologists  who  varied  in  academic  rank  from  instructor  to 
associate  professor  and  wore  assembled  from  the  major  universities 
of  Japan,  Senior  professors  also  attended  frequently.  Wo  tooK  up 
mainly  topics  of  vision,  visual  perception,  and  conditioning.  I 
soon  found  out  that  my  main  contribution  was  in  discussions  of  sen¬ 
sation.  In  other  areas,  particularly  perception,  the  Japanese  par¬ 
ticipants,  with  t!ir> :  r  extensive  acquaintance  v/ith  the  German 


literature,  exhibitor  a  very  clear  :.nd  knowledgeable  background. 
They  were  well  versed  in  conditioning  and  our  sessions  consisted 
of  lively  exchanges  of  views.  The  seminars  provided  a  warm  and 


pleasant  interlude  on  both  sides  and  the  feeling  of  mutual  good 


fellowship  has  lasted  to  the  present  time.  I  have  greeted  a  number 
of  Japanese  professors  at  Columbia  for  stays  of  two  day:;  up  to  a 
year.  I  particularly  ro member  the  visit  of  professor  i ,otok:iwu  of 
Tohoku  University  for  a  month.  I  have  a  warm  place  in  nv  heart  for 


~-,o, 


younger  men:  Professors  Indow  of  Keio,  Cyama  of  Chiba,  arc; 


•o- 


A.kt.a  of  Kyoto  Technical  University.  I  was  glad  to  introduce 
feasor  Imlew  t.o  Professor  Ctevens  at  Harvard  and  they  had  a 
profitable  and  pleasant  three  years  together.  Professor  Oyam.a  '  s 
work  is  known  in  the  American  literature,  and  lie  spent  a  year  at 


Columbia,  where  the  elegance  of  his  experiments  impress 


ur 


a  <  l  , 


Professor  Akita  spent  four  years  as  a  student  and  post-graduate 
fellow  at  Columbia  (Le  received  his  Ph.D.  at  Columbia). 


wight  years  after  my  first  visit,  I  had  the  opportunity  to  make 
another  trip  accompanied  by  my  wife.  This  time  I  did  not  spend  ai’ 


of  my  time  mainly  in  one  place.  Cn  this  trip,  which  was  soonso* 


jointly  by  the  State  Department  and  National  Science  Foundation,  1 
visited  the  twelve  most  active  and  generally  prestigious  psycho¬ 
logical  laboratories.  They  included  (from  soth  to  north)  Kyushu, 
Hiroshima,  Kwansoi  Gakuin,  Nagoya,  Osaka,  Tokyo,  Tokyo  University 
of  Education,  V/asc-da,  K-eio,  Tohoku,  and  Hokkaido.  About  seven  wool 
were  spent  in  visiting  the  laboratories  and  lecturing.  The  visits 
to  the  laboratories  involved  talking  to  the  research  people  and  in¬ 
structional  staffs,  and  taking  extensive  notes  on  the  experiments, 
personnel,  and  laboratory  crjuipmont .  Sometimes  this  program  took 


part  of  a  day  and  sometimes  two  or  throe  days,  partic.ula1  Iv  when 


was  called  on  to  lecture  or  conduct  seminar.  Usually,  after 


visiting  each  laboratory  “  would  return  to  my  hotel  and  dictate  r,iy 


notes.  The  tapes  were  sent  buck  to  Columbia  and  I  finally  com¬ 
pleted  a  report  in  November  after  my  return  to  New  York  in  late 
Copt ember . 

My  experiences  at  Trofessor  liotokawa. ' s  physiology  laboratory  is 
one  I  remember  we 1 1 .  Shortly  after  arriving  by  plane  from  Tokyo, 
my  wife  and  I  wont  with  Professor  liotokawa  to  his  laboratory  and 
viewed  some  experiments  for  about  half  an  hour .  Thereafter,  iota'.';;-/ 
unprepared,  7.  faced  about  twenty  graduate  students.  V.'hon  Pro a i’ 
Motokawa  introduced  mo  and  said,  ''Mow  Professor  Graham  will  uis<  s: 
our  work  with  us,  "I  was  more  than  a  little  surprised.  In  ora  viy 
or  another,  wo  participated  in  some  sort  of  discussion,  the  .lapa  r  s 
in  a  sometimes  imperfect  English,  and  I  in  terms  of  an  imperfectly 
understood  experimental  context.  At  any  rate,  we  were  aide  to  dis¬ 
cuss  certain  matters  of  vision  relating  to  the  expor iraen is  1  hud 
soon,  and  wo  completed,  the  discussion  without  serious  misunderstand 
ing,  or  so  it  seemed  to  me.  Of  course,  in  this  and  similar  oxpe-- 
ienros  in  other  laboratories,  the  success  of  the;  visits  depended  ■ 
members  who  sookc 


s  tend ably 


English, many  very  well  and  others  only  under¬ 
bid  OF  NAVAL  RESEARCH,  LONDON 
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The  academic  year ,  1  was  my  first  sabbatical  year, 

though  I  had  boon  officially  a  member  of  several  academic  stu  C  "s 
after  1930,  the  fact  remains  that  sabbaticals  had,  except  ' n 


IS 


possibly  on?  or  two  universities.  ceased  after  the  Depression  and 
during  './or Id  War  II.  They  were  renewed  after  the  war  and  my  turn 
came  in  195'?.  Before  I  left  fox-  .Japan  in  August ,  I  had  made 
arrangements  to  spend  my  leave  working  as  a  scientific  liaison 
officer  with  the  Office  of  Naval  Research,  London,  and  my  wife  ant; 

I  went  there  in  October,  1052. 

The  duties  of  a  scientific  liaison  officer  involved  visits  to 
psychology  and  related  laboratories  in  various  countries  of  pur one , 
anti  writing  informative  accounts  of  the  work  being  done  in  the 
laboratories,  the  people  doing  the  work,  and  a  generally  descript 
ivo  version  of  the  backgrounds  of  research.  These  reports  were 
r.ubseeuontly  distributed  to  American  colleagues  and  other  interest¬ 
ed  or  officially  designated  persons.  The  liaison  officer,  through 
his  visits  to  laboratories  and  associated  activities,  such  as 
giving  a  paper  on  some  tonic  of  interest  to  members  of  a  particular 
laboratory,  provided  an  important  source  of  scientific  inter¬ 
communion  t  ion . 

An  important  part  of  this  activity  involved  the  distribution  o : 
reprints  and  reports  from.  American  laboratories.  The  liaison 
officers  in  the  life  sciences  (Biology,  Medicine,  Psychology)  had 
little  contact  with  classified  research  (I  don't  remember  that  1 
ever  reported  or  transmitted  any  classified  material),  but  the 
representatives  of  other  sciences,  mainly  Physics,  did  deal  to 
some  extent  with  classified  documents. 

The  contacts  between  the  liaison  officer  and  his  furopean 
colleagues  resulted  in  many  friendly  relationships.  I  believe  the 
overall  effects  of  the  interchanges  that  took  place  were  useful  tr¬ 
ail  the  scientists  involved.  for  me,  the  experience  was  personally 
satisfying.  T  visited  about  twenty -five  laboratories  and  discussed 
many  matters.  1  also  attended  a  number  of  professional  meetings.  i 
met  many  active  and  well-known  scientists,  including  major  figures 
in  psychology  as  well  as  in  related  fie  Ids.  I  remember  some  val 
liable  discussions,  particularly  with  my  old  friend  Gran  it  in 
Stockholm  at  the  Karo  line  Institute,  and  with  Professor  Torn.  Ido  at 
the  Institute  of  Cutics  in  Florence,  Having  some  months  before 
reviewed  work  c  i  it-.ch  bands ,  I  discussed  this  topic  with  Professor 
Torn  Ido,  whose  work  in  the  area  has  since  been  outstanding.  Ilis 
interest  in  it  developed,  because  as  a  physicist  ho  first  thought:  of 
it  as  a  peculiarly  recalcitrant  topic  in  diffraction  optics. 

A  high  light  cl  my  experience  in  Europe  was  my  visit  to 
Professor  Michotte's  laboratory  in  Louvain,  1  spent  a  total  of 
three  (Jays  there  viewing  the  experiments  on  causality  and  disc' rs- 
ing  psychology  with  Professors  Knops ,  i’uttin,  and  Montpellier  us 
wo 11  as  Michorte.  I  was  particularly  hapny  to  sec  Professor  Mont- 
no'lier  again ,  for  wo  bad  spent  months  together  in  the  early 
v  hen  he  was  a  oo.st-doctcr.il  fellow  working  with  Hunter  and  I  was  a. 
young  assistant  professor. 
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A  3001,’:  VISION  AMD  VISUAL  PERCEPTION 

In  194C  I  had  a  number  of  conversations  with  reprosen tat  i  vos 
of  Wiley  and  Sons,  including  most  importantly  Professor  Lang  fold 
of  Princeton,  who  was  advisory  editor  for  psychology.  ,Ve  discussed 
the  possibility  of  my  writing  a  book  on  vision  am],  although  I 
knew  that  the  project  would  be  long  and  arduous,  I  finally  agreed 
to  do  it.  It  was  soon  obvious  that  the  book  was  more  than  should 
bo  undertaken  by  one  man,  and  I  therefore  decided  to  interest  a 
group  of  former  students  and  colleagues  to  contribute  various 
chapters  to  a  large  volume  of  which  I  should  be  editor  and  an 
author.  If  we  had  foreseen  the  problems  and  difficulties  which 
were  to  face  us  until  the  publication  of  the  volume,  Vision  and 
Visua 1  Percept  ion ,  in  1955,  I  suspect  that  we  would  have  Been- oven 
more  hesitant  to  write  it  than  we  were  in  the  beginning.  The  co¬ 
authors  wore  John  Lott  Brown,  Neil  R.  Bartlett,  Yun  Ilsia,  Conrad  G. 
Mueller,  Lorrin  A.  Riggs,  and  myself.  The  book  was  generally  well 
received  by  many  reviewers,  especially  by  some  in  Europe. 

AN  A Fa  PROJECT 

as  a  member  of  the  APA  Policy  and  naming  3oard  that  in  1942 
formulated  a  plan  that  developed  as  Projects  A  ^nd  B,  I  served  on 
the  steering  committee.  Project  A  was  conccrucd  with  psychology 
as  a  scientific  discipline  and  was  directed  by  Sigmund  Koch,  then 
of  Duke  University.  Project  B  was  concerned  with  problems  of 
personnel  and  their  training;  its  director  was  Kenneth  E .  Clark, 
then  of  the  University  of  Minnesota,  Uy  contribution  was  mainly 
to  Project  A,  and  then  as  a  con trrbn cor  to  the  Koch  volumes.  I 
saw  a  great  deal  of  Koch  in  Lend >n  in  1952-53  while  he  was  a 
iulbright  Fellow  at.  University  College,  I  wrote  a  rather  long 
manuscript  on  color  vision,  i cs  data,  and  systematic  nature  for 
Volume  1  (1950)  and,  with  Fhilburn  Ratoosh,  an  article  for  Volume 
4  (13G2).  The  latter  article  contained  some  aspects  of  discussions 
from  oilier  theoretical  papers  of  mine  plus  contributions  made  by 
Ratoosh  and  some  new  material  of  my  cwn .  The  article  on  color 
vision  in  Volume  1  ma.y  be  regarded  as  a  first  version  of  chapters 
in  Vis  ion  and.  Visual  Perception;  in  fact,  in  some  details  it  is 
more  oaha'us’tive” 
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My  main  work  in  psychology  has;  been  concerned  with  research 
and  too  training  of  graduate  students.  Except  for  a  short  inter¬ 
val  devoted  to  the  running  behavior  of  the  white  rat  and  some 
wartime  experiences  with  selection  and  trainin'',  pi’occdr.res ,  my 
investigations  have  involved  problems  of  vision  and  visual  per¬ 
ception,  Of  nearly  oeual  importance  from  my  point  of  view  has  been 
my  intcrust.  in  theoretical  and  systematic  problems,  particularly 
the  formulation  of  psychophysical  and  perceptual  behavior  in  an 
objective  psychology. 

Those  endeavors  have  been  honored,  by  iny  election  to  the  National 
Academy  of  Sciences,  the  American  Philosophical  Society,  the 
American  Academy  of  arts  and  Sciences,  and  by  my  being  awarded  the 
Warren  Medal  of  the  Society  of  Experimental  Psychologists,  the 
Til Iyer  Modal  of  the  Optical  Society  of  America,  the  Distinguished 
Scientific  Contribution  Award  of  the  American  Psychological 
Association,  the  President's  Certificate  of  Merit,  and  a 
Guggenheim  Fellowship, 


It  is  surely  true  that  the  area  which  has  claimed  my  attention 
has  not  been  the  most  popular  in  psychology,  but  it  has,  neverthe¬ 
less,  for  me  boon  a  most  intellectually  stimulating  and  enticing 
one.  It  has  no  doubt  satisfied  needs  which  have  dominated,  ir.y 
development,  as  a  scientist.  I  ari  happy  that  my  activities  have 
allowed  me  to  participate  r.c,t  only  in  the  nominal  area  of 
psychology,  but  also  in  related,  scientific  areas  such  as 
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y.  “or  a  certain  kind  of  person  a  feeling  of  enhanced 
c  scope  is  additionally  rewarding.  However,  I  am  glad 
that  after  taking  the  Strong  Vocational  Interest 
three  times  over  a  period  of  thirty-three  years  (in  193 
19:h!)  ny  highest  score  with  groat  reliability  was  in 
v.  I  like  to  think  that  I  may  be  forgiven  if  I  take  this 
s  a  happy  confirmation  of  my  choice  of  profession. 
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